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Glossary and list of abbreviations
Technical terms and abbreviations are used throughout this report. The meaning is usually clear from 
the context but a glossary is provided for the non-specialist reader. In some cases usage differs in the

literature but the term has a constant meaning throughout this review. 

Glossary
The following definitions of different types of
trials and related terminology. The definitions
are taken from the glossary of the Cochrane
Collaboration Handbook, version 3, compiled
December 1996.

Case series  An uncontrolled observational
study involving an intervention and outcome
for more than one person.

Case study  An uncontrolled observational
study involving an intervention and outcome
for a single person.

Case–control study  A study that starts with
identification of people with the disease or 
outcome of interest (cases) and a suitable 
control group without the disease or outcome.
The relationship of an attribute (interven-
tion, exposure or risk factor) to the outcome 
of interest is examined by comparing the
frequency or level of the attribute in the cases
and controls. For example, to determine
whether thalidomide caused birth defects a
group of children with birth defects (cases)
could be compared to a group of children
without birth defects (controls). The groups
would then be compared with respect to the
proportion exposed to thalidomide through
their mothers taking the tablets. Case–control
studies are sometimes described as being
retrospective as they are always performed
looking back in time.

Clinical trial  A trial that tests out a drug or
other intervention to assess its effectiveness
and safety. This general term encompasses
randomised controlled trials and controlled
clinical trials.

Cohort study  An observational study 
in which a defined group of people (the

cohort) is followed over time and outcomes
are compared in subsets of the cohort who
were exposed or not exposed, or exposed at
different levels, to an intervention or other
factor of interest. cohorts can be assembled in
the present and followed into the future (a
‘concurrent cohort study’), or identified from
past records and followed from that time up
to the present (a ‘historical cohort study’).
Because random allocation is not used,
matching or statistical adjustment must be
used to ensure that the comparison groups
are as similar as possible.

Controlled clinical trial  Refers to a study that
compares one or more intervention groups to
one or more comparison (control) groups.
Whilst not all controlled studies are random-
ised, all randomised trials are controlled.

Cross-sectional study  A study that examines
the relationship between diseases (or other
health related characteristics) and other
variables of interest as they exist in a defined
population at one particular time. The
temporal sequence of cause and effect 
cannot necessarily be determined in a 
cross-sectional study.

Cross-over trial  A type of clinical trial com-
paring two or more interventions in which the
participants, upon completion of the course
of one treatment are switched to another. For
example, for a comparison of treatments A
and B, half the participants are randomly
allocated to receive them in the order A, B
and half to receive them in the order B, A. 
A problem with this design is that the effects
of the first treatment may carry over into the
period when the second is given.

Observational study  A study in which nature
is allowed to take its course. Changes or

continued
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differences in one characteristic (e.g. whether
or not people received the intervention of
interest) are studied in relation to changes 
or differences in other(s) (e.g. whether or 
not they died), without the intervention of 
the investigator. There is a greater risk of
selection bias than in experimental studies.

Phase I studies  The first stage in 
testing a new drug in humans. Usually
performed on healthy volunteers without 
a comparison group.

Phase II studies  Second stage in testing a new
drug in humans. Often performed on healthy
volunteers. These are sometimes randomised
controlled trials.

Phase III studies  Studies that are a full-scale
evaluation of treatment. After a drug has been
shown to be reasonably effective, it is essential
to compare it with the current standard
treatments for the same condition. 
Phase III studies are often randomised
controlled trials.

Phase IV studies  Studies that are concerned
with post-marketing surveillance. They are
often promotional exercises aimed at bring-
ing a new drug to the attention of a large
number of clinicians, and may be of limited
scientific value.

Prospective study  In evaluations of the effects
of healthcare interventions, a study in which
people are divided into groups that are
exposed or not exposed to the intervention(s)
of interest before the outcomes have
occurred. Randomised controlled trials are
always prospective studies and case control
studies never are. Concurrent cohort studies
are prospective studies, whereas historical
cohort studies are not, although in epidemi-
ology a prospective study is sometimes used 
as a synonym for cohort study.

Quasi-random allocation  A method of
allocating participants to different forms of
care that is not truly random; for example
allocation by date of birth, day of the week,
medical record number, month of the year, or
the order in which participants are included
in the study (e.g. alternation).

Quasi-randomised trial  A trial using 
a quasi-random method of allocating
participants to different forms of care. 
There is a greater risk of selection bias 
in quasi-random trials where allocation 
is not adequately concealed compared 
with randomised controlled trials 
with adequate allocation 
concealment.

Random allocation  A method that uses 
the play of chance to assign participants to
comparison groups in a trial, for example, 
by using a random numbers table or a
computer-generated random sequence.
Random allocation implies that each
individual or unit being entered into a 
trial has the same chance of receiving 
each of the possible interventions. It 
also implies that the probability that an
individual will receive a particular inter-
vention is independent of the probability 
that any other individual will receive the 
same intervention.

Randomised controlled trial  An experiment
in which investigators randomly allocate
eligible people into (e.g. treatment and
control) groups to receive or not to receive
one or more interventions that are being
compared. The results are assessed by
comparing outcomes in the treatment 
and control groups. 

Retrospective study  A study in which the
outcomes have occurred to the participants
before the study commenced. Case–control
studies are always retrospective, cohort studies
sometimes are, randomised controlled trials
never are.

Selection bias  In assessments of the 
validity of studies of healthcare interventions,
selection bias refers to systematic differences
between comparison groups in prognosis 
or responsiveness to treatment. Random
allocation with adequate concealment of
allocation protects against selection bias.
Other means of selecting who receives the
intervention of interest, particularly leaving 
it up to the providers and recipients of 
care, are more prone to bias because 
decisions about care can be related to

continued



Health Technology Assessment 1997; Vol. 1: No. 14

iii

prognosis and responsiveness 
to treatment.
1. Selection bias is sometimes used to

describe a systematic error in reviews 
due to how studies are selected for
inclusion. Publication bias is an example 
of this type of selection bias.

2. Selection bias, confusingly, is also some-
times used to describe a systematic differ-
ence in characteristics between those who
are selected for study and those who are
not. This affects the generalisability
(external validity) of a study but not 
its (internal) validity.

List of abbreviations
ACOST Advisory Council on Science

and Technology

CFTR cystic fibrosis transmembrane
conductance regulator

CI confidence interval

CODEC coder–decoder

CONSORT Consolidated Standards of
Reporting Trials

CVS chorionic villus sampling

FDA US Food and Drug
Administration

GP general practitioner

HTA health technology assessment

MAS minimal access surgery

MIS minimal invasive surgery

QALY quality adjusted life-year

RAC Recombinant DNA Advisory
Committee

RCT randomised controlled trial

SERNIP Safety and Efficacy Register 
of New Interventional
Procedures of the Medical
Royal Colleges
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Objectives
• To try to identify the optimal time at which 

to start assessing new and fast-evolving 
health technologies.

• To provide insight into factors influencing the
timing of assessments and the choice of methods
for assessing new and fast-changing technologies.

How the research was conducted

A series of literature reviews were undertaken
covering the general principles involved in the
timing of health technology assessments (HTAs).
Additionally, the reported assessments of laparo-
scopic cholecystectomy, chorionic villus sampling
(CVS), teleradiology, teledermatology, genetic
screening for predisposition to breast cancer, and
gene therapy for cystic fibrosis were reviewed to try
to identify the factors that influenced the timing of
these assessments. Key individuals in each field
were also interviewed. The selected technologies
allowed comparison between those that were 
new and evolving and those that were relatively
well-established.

A bibliometric study of publication trends was also
undertaken to see whether these trends would
suggest points in the development of a technology
that could be used as indicators that assessment
should be started.

Research findings

Timing
The precise point at which assessment should 
start was not identified but the bibliometric study
suggested that extending this approach might 
give useful results.

For all health technologies, more regular reporting
of outcomes and side-effects should be encouraged
during the period after initial assessment and,
where the technology is fast-changing, reassessment
should take place from time to time. The precise
intervals were not identified and the problem
remains of deciding when a technology has
changed enough to warrant reassessment.

Factors influencing timing
Published reports of assessments did not generally
specify the reasons for their timing, but a number
of factors appear to have influenced the timing of
those assessments, directly or indirectly.

Product champions and opinion leaders pioneer
the introduction of new technologies into clinical
practice, and their reports may lead to the rapid
diffusion of such technologies before they have
been adequately evaluated, as was the case with
laparoscopic cholecystectomy; this diffusion may
limit the methods of evaluation that can then be
used. It is therefore important to assess new health
technologies before diffusion takes place.

The extent to which regulatory control is imposed
on the introduction of new health technologies 
can also influence the timing of assessments. Such
controls might have helped to restrict the diffusion
of laparoscopic cholecystectomy, making a large
and widely generalisable randomised controlled
trial (RCT) feasible.

The source and availability of funding for studies
may influence the nature and timing of trials. 
Many telemedicine evaluations were funded by
commercial telecommunications organisations 
and were thus restricted in their timing (and 
biased towards the technological aspects of the
applications) by the availability of funds.

Media coverage undoubtedly has an influence
although this influence is not always predictable; 
it may generate ‘favourable’ publicity about new
health technologies, which can lead to immediate
demands for the new technique, as was the case
with laparoscopic cholecystectomy with its apparent
benefits. Thus assessments should be made before
media coverage exerts popular pressure on pur-
chasers to adopt the technology and dissuades
patients from participating in RCTs (because of
fear they may be randomised to the standard
treatment as occurred in a US trial of CVS).
Innovators should also be cautious in the claims
that they make to the media.

Clinical uncertainty or equilibrium also affects 
the timing of assessments. During the period 
when clinicians have no preference between the

Executive summary
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treatment options to be compared, they may be
prepared to ask patients to participate in trials;
however, once clinicians come to prefer either the
standard or the alternative treatment, they may 
feel ethically obliged to provide only the treatment
that they believe to be the best. This argument 
was given as a reason for abandoning a proposed
RCT of laparoscopic versus open cholecystectomy.
The counter-argument is that randomisation is a
hedging, risk-minimisation strategy when the true
risks and benefits are not known.

The existence of the clinical learning curve also
influences the timing. Assessments made before
clinicians have acquired enough skill in the new
procedure may produce misleading findings on
benefits and costs. Assessments may need to be
postponed until clinicians have reached an appro-
priate point on the learning curve but this can
usually only be recognised retrospectively, by 
which time clinicians may no longer be prepared 
to randomise patients.

The fact that the development of some health
technologies is technology-driven or commercially-
driven, rather than needs-based, affects the timing
of assessments to the extent that advances in the
technology, in conjunction with a reduction in
costs, have largely determined the timing of
assessments (e.g. teleradiology).

Assessment methods
HTA has traditionally focused on clinical 
outcomes but there are now demands for a 
wider range of criteria including social and 
ethical impact, effect on patterns of healthcare
demand, cost-effectiveness and other issues.

The reviews of the various applications indicate 
that HTA can never be perfect but that best prac-
tice uses a number of methods of assessment, rigor-
ously applied and reported, to achieve the most
satisfactory outcomes for patients. Rare side-effects
are often only detected after extensive use, and new
problems can arise because of the different ethical
and cultural concerns of different patient groups.
New patterns of demand, created by the availability
of new techniques, can invalidate economic studies.

The problems of assessing fast-changing tech-
nologies are similar to those of assessing stable
technologies but are likely to arise more often

during the development phase of a technology.
Regulation is restricting the genetic technologies 
to research use or controlling their diffusion until
assessment gives satisfactory outcomes. Telemedi-
cine, however, is only beginning to be assessed 
on a limited basis and there are no controls on
adoption. Thus, approaches to assessment are more
a function of perceived risk than of rate of change.

Both stable and fast-evolving technologies lack 
a framework of standard guidelines and incentives
to ensure that users assess unregulated or lightly
regulated health technologies in an approved and
consistent way and report the results. In addition,
guidelines are needed to ensure that the decision
about when a procedure has changed enough to 
be regarded as new is clearer and less subjective.

Conclusions

• Assessment should be initiated early, 
using a variety of complementary 
assessment approaches. 

• Methods of assessment and reporting should 
be more standardised from the earliest stages, 
to improve the usefulness and comparability 
of data.

• Resource issues should be incorporated into
assessments from an early stage.

• All technologies should not be dealt with in the
same way – they should be assigned to categories
for which appropriate common triggers can 
be identified.

• Trials should be randomised from the outset. 
• Assessment should be an iterative process.
• Citations and publication trends may be useful

for identifying triggers.

Research recommendations

• Bibliometric studies involving a larger number 
of established technologies should be under-
taken to detect whether there is a sufficiently
consistent pattern to the publication trends of
new and fast-changing health technologies to
allow identification of a ‘critical point’ at which
assessment should be recommended.

• Guidelines for the study and interpretation of
different types of health technologies should be
developed to facilitate assessment decisions.

Executive summary
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Rationale for the study
There is currently no accepted formula for the
timing of health technology assessment (HTA) 
of new and fast-evolving technologies. By their
nature, they are often difficult to evaluate by
accepted HTA methods. However, there are
examples of unevaluated new technologies 
that have diffused widely and have subsequently
been shown to be ineffective or even harmful
(Stocking, 1985; ACOST, 1993). Consequently 
both the safety and the cost-effectiveness of 
service delivery would be improved if useful 
criteria were determined for guiding the 
timing and nature of assessment, and for 
deciding when new developments should 
become routine services.

An additional problem is posed by the growing
diversity of professionals who make decisions 
about the adoption of new technologies. 
Depending on a number of factors, such as 
the amount of controversy surrounding the 
generic technology (e.g. genetic manipulation),
decision-making may be subjected to central
monitoring or to a formal regulatory process 
to varying degrees of decentralised regulation 
or it may be unregulated. Although, in the case 
of ethical pharmaceuticals, regulations have 
been imposed in response to perceived physical
harm to patients, routine systems have not yet 
been devised for the evaluation and control of
many other types of interventions which also 
have obvious potential for harming patients. 
There is a heightened awareness of the need 
to evaluate new technologies and there may 
even be devolution of responsibility for com-
missioning, managing and implementing 
some evaluations, where appropriate (Culyer,
1994). It would, therefore, be particularly useful 
if criteria for timing assessments and for the
assessments themselves were developed and trans-
lated into a series of formats suitable for a range 
of circumstances, including one for managers 
and others who lack research expertise.

The aim of the study reported here was to provide
insights into factors influencing the timing and 
the choice of methods of assessment of new and
fast-changing technologies.

Diffusion of unevaluated medical
technologies
Previous research has shown that new medical
technologies have sometimes spread rapidly in 
the absence of any evidence confirming their
effectiveness (Stocking, 1985; 1991; Banta, 1993;
ACOST, 1993). In spite of policy designed to
induce a more evaluative culture in the NHS
(Peckham, 1991a; b; 1993), there are now many
technologies available for medical application 
that are likely to diffuse widely before evaluation. 
In addition to the general characteristics that
influence rate of diffusion, such as cost, the pres-
ence of enthusiasts, lack of resistance, meeting
perceived needs and ease of use (Rogers, 1983), 
a number of factors, specific to healthcare delivery
services, that affect the speed of diffusion are 
listed below.

• Non-medical evolution occurs where the 
generic technologies are evolving rapidly 
in non-medical applications, for example,
information technology and interactive video-
conferencing. Developments from generic
technologies designed for other purposes, 
then hastily adapted for medical use, can 
diffuse rapidly into medicine.

• Powerful popular pressures have been 
summed-up by the phrase ‘the need to do
something’ (Stocking, 1985). Patient demand,
intensified by media reports of availability of
susceptibility tests, is creating a wider demand,
for example, for testing for many conditions 
about which the benefits of knowledge are
doubtful or for which, as in the case of breast
cancer, after diagnosis of susceptibility there 
is not, as yet, any known management strategy
that offers net benefits (see, for example, 
Bower, 1994). In addition, the availability 
of new technologies in the USA and other
markets puts pressure on the NHS to adopt
without evaluation.

• Powerful commercial pressures – while govern-
ments regulate corporate promotion of health-
care products to some degree, there is a
widespread perception that this is not wholly
effective. Since pharmaceutical companies
spend, on average, 30% of revenues on market-
ing (see their Annual Reports), they clearly share
this perception.

Chapter 1

Introduction
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• Lack of regulatory barriers and difficulty and/or
expense of evaluation – as in the case of
telemedicine – are particular problems where
human expertise and organisational arrange-
ments can be expected to affect outcomes
significantly (see, for example, Stocking, 1985).

• Methodological limitations make it difficult to
find appropriate, replicable research/evaluation
methods for healthcare technology innovation.
This is indicated, for example, by reliance 
on mortality data and limited alternative
outcome parameters.

The task of evaluation
Most medical technologies are complex (Comroe 
& Dripps, 1981): they bring together elements of
‘hardware’, such as instruments and drugs, with a
‘software’ component, the clinical knowledge and
expertise gained through general training and
training specific to the application (Rogers, 1983).
For instance, telemedicine uses videoconferencing
and other hardware but also has an important
component of ‘software’ – the specialist knowledge
and expertise of the clinician in interpreting
whatever visual and auditory information he/she
receives through the link. Where the knowledge/
expertise component is significant and non-
routine, evaluation is complicated by the 
difficulty of making comparisons.

The task of evaluation is easiest when the dominant
elements are highly testable and routinised, and
when regulation requires their testing in specified
situations. However, the presence of extensive,
expensive-to-satisfy regulations designed to ensure
the safety and efficacy of drugs has created the
situation in which only those drugs that can be
evaluated conventionally (largely in randomised
controlled trials (RCTs)) are developed by com-
panies. In general, where regulation has been
imposed, company interest focuses on products
that can meet regulatory requirements. 

While regulation can exert some control over
diffusion, it would be undesirable to impose new
regulations in any situation in which this might lead
to the neglect of important possibilities for improv-
ing the cost-effectiveness of health-care. Regulation
has undoubtedly led pharmaceutical companies to
neglect many areas in which their technology might
offer effective therapies, leading, in the USA for
example, to special legislation to encourage such
developments, viz. The Orphan Drug Act, 1983
(96Stat.2049, 21USC301). Consequently it might 
be preferable to devise useful and cost-effective
assessment methods that, unlike costly rigid
statutory regulation, do not suppress innovation.

The increasing decentralisation of the NHS also
raises novel issues for the task of evaluation, since
some responsibility for decision-making about
research and development and assessment, partic-
ularly for unregulated technologies, is likely to be
borne by hospital managers.

Timing and nature of assessments
Following Rogers’ (1983) model, Stocking (1988)
has pointed out that an important time to assess 
a new technology is “at the point when opinion-
leaders become interested in it”, which is at a very
early stage, often before clinical trial data are avail-
able. After this, the involvement of a multiplicity of
powerful constituencies restricts the possibility of
controlled evaluation before diffusion. The question
of how to identify this point then arises. The date
and rate of increase in the frequency of conference
research papers authored by opinion leaders on a
technology might be possible indicators of the birth
of interest and growth of commitment. However,
where a technology is fast-changing, this raises
questions as to what type of useful assessment 
can be carried out cost-effectively at this stage. 

The point at which a research application is
allowed to move to routine use is also important,
with the consequent implications for capital and
running costs, training and so on. These impli-
cations may be difficult to predict accurately:
although some discussion of the direct cost impli-
cations of adoption of minimally invasive surgery
(MIS) was included in a special issue of Health
Policy (Banta, 1993) devoted to evaluations of MIS
applications, it was also noted that the changes in
philosophy driven by this technology would prob-
ably lead to much greater changes in the pattern 
of demand for hospital buildings and training
(Wickham; in Banta, 1993).

These are points at which decisions with major 
cost and/or control implications are made. They
also reflect the transition to a period of greater
uncertainty about the utility of a technology and
about the extent of long-term service implications.

Another issue that might influence the timing 
(and nature) of assessment is popular acceptability,
particularly where there are ethical concerns, as in
the case of genetic screening. For example, the
Nuffield report (Nuffield Council on Bioethics,
1993) is an assessment of current and probable
future possibilities for genetic screening, focusing
on which technological trajectories are or are not
acceptable in the ethical climate of the UK. The
assessment does not address issues of cost but
underlines incidentally the difficulties of defining
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‘efficacy’ in the context of interventions to 
which different cultural groups attach very
different values.

In the case of rapidly-evolving technologies, 
there are also questions about the probability of
new medical applications emerging and where the
trajectory of change is leading the technology. Is 
it becoming significantly cheaper each year, thus
affecting cost estimates? Is it becoming more
precise and controllable, affecting efficacy? Have
unexpected adverse effects been reported that call
into question the general viability of the technique?
Is there growing or declining scientific interest,
signalling a change in rate of evolution?

Consequently both the nature and timing of
assessments of new and fast-evolving technologies
involve a number of additional issues when
compared with HTAs of routinised interventions.

The research questions

The research questions addressed by the present
study are listed below.

1. What general principles have been 
reported as guiding the timing of HTAs 
in the past? Are they adequate for new, 
fast-changing technologies?

2. What gaps does a literature review reveal 
in the reporting of the principles that guide 
the timing of HTAs?

3. What further insights can be gleaned by
interviewing key personnel associated with 
the assessments reviewed?

4. How and when have reported assessments of
the specific applications of the four generic
technologies listed in Table 1 been carried out?
Have opportunities for practical and desirable
assessments been lost? Are there lessons to be
learnt from the applications that have now

reached a relatively stable state, which could 
be applied to the fast-evolving applications? 
To what degree are assessments comparable 
at different points in the evolution of a fast-
evolving technology?

5. Is it possible to draw inferences about trends 
in the development/diffusion of technologies
from collective characteristics of reported
assessments, that can be used to decide on 
the timing of assessments? For example, can
trends in the rate of publication or citation in
the scientific literature, or trends in reporting
in the popular media, be used as criteria for
timing an evaluation? Can such trends be used
to pinpoint the right moment to issue formal
reminders about the need for evaluation, and
the way in which it should be implemented, in
order to pre-empt the rapid diffusion of an
unevaluated technique?

6. Following on from question 5, is there inform-
ation within the literature reviewed that can be
used to derive useful general guidelines and
protocols for assessment? How much of a
problem is posed by issues specific to the
technology and application?

7. Does the information gleaned from the reviews
yield insights as to when ‘new’ technologies
should become part of routine practice?

Methodological approach

Three complementary methods were used to
address the research questions. First, a series of
systematic literature reviews were carried out focus-
ing specifically on the timing and method of assess-
ment (as described below). Second, since the con-
ventional format of papers in the academic liter-
ature rarely includes explicit indicators about the
choice of timing, key individuals associated with the
reviewed health technologies were interviewed to
elucidate this further and to ascertain whether
factors other than those reported influenced the
choice of methods. Third, a bibliometric study of
publication trends associated with the health tech-
nologies reviewed was undertaken, to explore the
possibility that particular events might produce char-
acteristic patterns in the trends, thus providing an
indicator which could be used to signal the need to
initiate an assessment. A number of modifications to
the protocol as originally proposed were introduced
to optimise the overall quality of the study, and these
are discussed in the Conclusions (chapter 9).

Systematic reviews
A series of systematic literature reviews were 
carried out:

TABLE 1  Applications reviewed and their generic technologies

Generic technology Application

Karyotyping CVS

MIS Cholecystectomy

Genetic 1. Gene therapy (cystic fibrosis)
manipulation 2. Diagnosis of genetic 

susceptibility to breast cancer

Videoconferencing 1. Radiology
(telemedicine) 2. Dermatology
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(i) of studies specifically addressing the question
of the timing of assessments of technology

(ii) of relevant literature reporting the assessment
of six medical applications of four generic
technologies. The applications included two
relatively well-evaluated and technically fairly
stable applications, and four new and rapidly
evolving applications (Table 1).

Karyotyping of human tissue samples has 
been used for diagnostic purposes for more than 
25 years. Chorionic villus sampling (CVS) is an
application of this technology which was developed
in the early 1980s to diagnose foetal karyotypic
abnormalities (mainly trisomy 21) at an earlier
stage and with less maternal discomfort than other
available techniques. It was extensively evaluated
and was found to generate serious side-effects at 
a level which, although low, was higher than for
alternative methods.

MIS involves the use of visualisation of the 
site of surgery and remote control of surgical
instruments by electronic techniques through a
small aperture in the patient’s body. It is a recent
modification of remote manipulation technology
long used in non-medical contexts, for example, 
to disassemble radioactive fuel rods. Cholecystec-
tomy by MIS is a recent (1990s) but extensively
evaluated application (Cuschieri A: personal 
communication, 1996).

Genetic manipulation technology involves the
production of defined nucleic acid sequences with
known functional properties. Medical applications
under development, such as those described below,
are presently causing much controversy.

1. Cystic fibrosis gene therapy, currently under-
going tightly regulated development at several
sites in the USA, France and the UK, is an
invasive application in which normal copies of
the defective cystic fibrosis gene are introduced
into the tissues of affected individuals in order
to stimulate local synthesis of the missing
essential protein.

2. Diagnosis of genetic susceptibility to breast
cancer uses several recently isolated sequences
known to be carried by individuals with height-
ened susceptibility to breast and other cancers.
Accuracy of diagnosis is increasing rapidly but
there is, as yet, no management strategy which
is known to offer net benefits. A major EU-
funded comparative study of its development 
at several sites in Europe, coordinated by
Professor Neva Haites (Aberdeen University),
has recently been initiated.

Videoconferencing (telemedicine) involves the 
use of commercial videoconferencing hardware
and ISDN (Integrated Services Digital Network)
telephone links. Although pioneered over 30 years
ago, hardware of a quality adequate for routine use
has only recently become commercially available.
The first entry under ‘telemedicine’ in Medline 
as a textword term occurred in 1974, and as a
MeSH term in 1991. Emerging applications are,
thus far, largely unevaluated. Radiological and
dermatological applications are forecast to be 
two of the most likely to be widely used.

Criteria for selection
The generic technologies and applications have
been selected to allow meaningful comparisons
between an adequate range of technologies, of
various ages and at various stages of evaluation, 
so as to gain generally applicable insights into 
the problems of how and when to assess new and
fast-changing technologies. For instance, they
permit pertinent comparison between applications
that are unregulated and those that are highly
regulated (Table 2), between those with a low media
profile and those with a higher profile, between
commercially-driven and publicly-funded appli-
cations, and between diagnostic and therapeutic
technologies. There may be some general prin-
ciples that apply to all applications, but there 
may also be some that apply differentially to, 
for example, non-invasive versus invasive appli-
cations and some that are specific to the generic
technology rather than to the medical application.

All four generic technologies have had non-
medical applications for some time and, for some
of them, it is not clear when precisely they could 
be regarded as ‘emerging medical technologies’.
For example, telemedicine has been used in
clinical settings in a very limited way for 30 years,

TABLE 2  Level of regulation and invasiveness of 
reviewed applications

Application Level of Invasive- 
regulation ness

CVS Local High

Laparoscopic cholecystectomy Local High

Gene therapy (cystic fibrosis) Central High

Diagnosis of genetic Local Low
susceptibility to breast cancer

Teleradiology None Low

Teledermatology None Low
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while medical applications of MIS are more 
recent. However, the infrastructure and hardware
that make telemedicine feasible for widespread 
use have only recently become affordable, while
some applications of MIS, although quite recent,
have been extensively evaluated, for example in
gynaecology, and the technology involved 
has become quite stable.

Consequently, the main distinction is between, 
on the one hand, relatively stable and well-
evaluated technologies and, on the other, fast-
changing technologies which in some cases also
pose novel problems from the point of view of
evaluation. The generic technologies fall into 
two technologically different categories, ‘tele-’ 
and ‘chromosome/gene-’ based technologies, 
each of which offers useful paired comparisons
between stable, well-evaluated and fast-changing
technologies. MIS offers close parallels with
videoconferencing, in terms of the nature of 
the technology, its non-medical origins, and the
novel problems it poses for effective use: the 
visual simulation of the target site poses
comparable challenges for the human brain 
in the input, processing and utilisation of the
information and in remote control of actions, 
and the non-medical applications contribute 
to the evolution of the technology. Karyotyping 
and genetic manipulation use classical and 
novel genetic technologies in which most
development has been undertaken for 
medical applications.

The final criterion for selection was that, to
undertake the project, the authors should have 
the necessary knowledge and technical expertise 
in relevant aspects of the generic and applications
technologies, together with access to other key
research groups.

Objective of the reviews
The objective of the reviews was to analyse the
nature and quantity of assessments of the above
applications and to clarify factors that determined
the timing of such assessments. It appeared prob-
able at the outset that these literature reviews
would not, in themselves, provide all the inform-
ation needed to answer the questions of when and
how to evaluate any new or fast-changing medical
technology. However, any inferences that could be
drawn from these reviews on:

• the utility, cost and timing of specific types of
assessment for NHS decision-making on the
funding of further research and development

• patient and public acceptability

• when to permit an intervention to move from
‘research’ to ‘routine’ status

• long-term resource implications

would help to strengthen the basis of research and
development decision-making in the NHS. It was
not within the scope of the reviews to evaluate the
quality of the assessments described in the papers
reviewed, since useful information about timing
decisions and choice of methods could be gleaned
even from methodologically flawed studies. How-
ever, this does not mean that the quality of a study
and its timing are unrelated.

Because of the nature of the topic, many publi-
cations, especially on the general principles of
HTA, represent the views of the authors rather 
than relating to the outcomes of clinical trials. The
extent to which the six medical applications have
been evaluated by, for example, RCTs, has been
variable because of factors such as the perceived
degree of risk. If the references cited relate to
clinical trials or specific types of clinical trials, such
as RCTs or observational studies, then this is stated.
A complete listing of all references cited, not just
clinical trials, is given in the reference list, and 
the lists of references for each specific medical
application contain all those cited in the relevant
chapters, not just the clinical trials.

Within the time and resource limitations of the
study it was planned to locate where broadly applic-
able general rules could be generated (if at all).
The sample thus constituted a useful combination
of generic and applications technologies for an
initial investigation of the wider questions of the
timing and nature of assessments. It was judged
that they would give an indication of the degree to
which issues are specific or general, and also of the
domain of the assessment issues of new and fast-
changing technologies and whether these were
specific or general.

The reviews would also reveal some of the inform-
ation gaps that could be filled by other methods,
such as interviews with key individuals, and also
indicate when opportunities to undertake assess-
ments had been grasped and when such oppor-
tunities had been missed. Thus, they would assist 
in the definition of future research requirements.

Review strategy
The reviews of the literature on the technologies of
the six applications were performed using a system-
atic search strategy. The period of search extended
from the point at which the idea for a particular
medical application was reported (before the first
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clinical trial) until November 1996. The target
literature included that which predicted the speci-
fic clinical applications of the generic technology
before first use, as well as subsequent reports of
clinical trials and assessments relating to the appli-
cations. This strategy was designed to address 
both the question of the practicability of timing
evaluation before uncontrolled diffusion and the
question of the nature of any evaluation that had
been undertaken. 

Reviews started from the interpretation of ‘what
can be assessed’, which has been applied to the
older applications, and systematically determined
the utility of different types of assessment (tech-
nical feasibility studies, RCTs, etc.) where possible.
Information on medically important modifications
of technique (cost, ease of use, precision, novel
instrumentation, etc.), technological trends as 
they affect medical applications, patient and public
acceptability, commitment of substantial public or
private funds (including non-UK), and known
barriers to routinisation, as well as clinical out-
comes, were sought which might be used for assess-
ment. Economic aspects of published HTAs of the
applications were discussed when available.

Relevant literature
Relevant literature may be classified into 
three groups.

1. The primary medical research literature was
the main source but reviews of trials (i.e.
secondary level evaluation) were also used.
• Relevant publications were identified using

the electronic databases, Medline and
Embase, with an empirically-determined
optimal combination of MeSH terms. The
databases of the Centre of Reviews and
Dissemination, York, were consulted. Science
Citation Index (Scisearch) was also used
both to identify key articles in terms of
citation rate and to identify the articles 
that were citing them.

• Authors of evaluations and others known to
be conducting evaluations or to have an
interest in the field were contacted for
information on other relevant publications
and to ascertain further details of their
evaluations, including criteria for timing.

• The bibliographies of studies identified by
electronic searching and bibliographies that
had already been generated were searched.

• Other languages – although non-English
literature could not be searched with the
same thoroughness, the aim was to limit the
risk of bias by reviewing relevant publications

in a limited number of major journals 
and newspapers published in French and
German. Translation was carried out in 
the UK.

2. Reports of significant study groups/working
parties such as the Advisory Council on Science
and Technology (ACOST) and the Nuffield
Council on Bioethics, were hand-searched for
relevant commentaries on timing and types of
assessment. Conference proceedings were also
scanned for relevant articles.

3. Press reports were identified using the elec-
tronic database Promt (which contains full 
text articles from worldwide business period-
icals, including the main daily national and
regional newspapers).

Bibliographic database
Articles to be included in each review were organ-
ised into a series of databases using the software
package, Reference Manager®. Each article was
summarised as an abstract which included a general
summary of its contents and relevance to the study.

Interviews with key individuals
When the reviews were under way, it became
apparent that much of the required information
was missing. The systematic reviews yielded little
insight into the timing of the assessments reported
and were not always explicit about the choice of
methods. In the case of CVS, one author (AMG)
had been directly involved in the assessment and
was able to provide important background inform-
ation on timing and the selection of methods. Key
individuals for the other applications were inter-
viewed to provide corresponding insights; this was 
a speedy and effective way of obtaining relevant
information that is not normally reported in
academic papers.

The key individuals interviewed were:

• Professor A Cuschieri (Dundee University), 
who has been extensively involved in the
development and evaluation of MIS

• Professor Neva Haites (Aberdeen University),
who is responsible for genetic screening for
breast cancer and is coordinating a European
survey of this

• Professor David Porteous (MRC Human
Genetics Unit, Edinburgh), who is coordinating
multicentre clinical trials of cystic fibrosis gene
therapy, funded by the MRC

• Dr Ross Maclean (HSRU, Aberdeen Uni-
versity), who has been extensively involved 
in the development and evaluation of 
telemedicine applications.
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Bibliometric study
Literature-based innovation output indicators
(Edwards & Gordon, 1984) are a useful addition 
to the range of indicators of innovation activity.
The pros and cons of their use has been discussed
in some depth by Coombs and colleagues (1996).
The advent of many large computerised databases
of publications of all types, from papers in aca-
demic journals to daily newspapers, has made it
relatively easy to use numbers, types, contents and
other characteristics of publications as indicators 
of reported activities. These bibliometric methods
have been used by a number of researchers to
analyse the development and composition of
research and development communities (see, 
for example, Garud & Rappa, 1992; Rappa et al,
1992; Clarysse et al, 1996). Using a set of search
terms, the method was used in the study reported
here to assess the size of the research and develop-
ment communities associated with the applications
reviewed (from numbers of publications per year)
and the nature of the coverage (from the content
of papers). Content of publications was also 
related to crude trends in rate of publication. 
The rationale was that those points at which
significant changes in interest occurred might be
indicated by changes in publication trends. The
‘contribution rate’ of scientists (publication rate
within a given literature) has been used in other
industries as a measure of the rate of emergence 
of a new technology (DeMeyer et al, 1994). The
relationship (if any) between these measures 
and assessment decisions was considered.

Initial assumptions
The starting assumption of the bibliometric 
strategy was that numbers of publications and
trends in publication about an application were
related in some way to the rate of evolution of a
particular medical technology. The relationship 
was not expected to be a simple correlation but it
was predicted that, in periods when the number 
of publications about an application was relatively
high, its evolution would be faster than in periods
when this number was lower.

The second assumption was that if the number 
of publications about an application was increasing
year by year, over a period, the rate of evolution
would be rising. Conversely, when the number 
fell, the rate of evolution would be slowing and 
the technology might be reaching the status of 
a ‘dominant design’ which would be likely to
remain stable for a prolonged period (Utterback,
1994). These trends for different categories 
could be directly plotted against one another. 
The assumptions were tested by comparing the

publication trends for the relatively stable
technologies with those of the fast-evolving
technologies. The relationship of initiation of
assessment and reports of outcomes of assessments
to changes in trends was also evaluated, to give
some insight into whether publication trends 
could in themselves yield useful information 
to guide the timing of assessments.

Literature to be subjected to
bibliometric analysis
Five types of literature were reviewed on a year-by-
year basis, starting from the present and working
back to a ‘first idea’ – the point at which a tech-
nically well-informed writer first suggested the
application using that generic technology in print.
The types of literature selected to give information
about the impact of ‘technology push’, clinical
interest and popular/patient influence on the rate
and direction of evolution of these technologies
were as follows:

• technically well-informed literature on ‘ideas for
medical applications’ (including conference
papers, general reviews of the state of the tech-
nology in scientific, engineering and medical
journals, and reports commissioned by official
(government) bodies)

• scientific literature on clinical applications
• scientific literature on assessments 

of applications
• popular literature on ‘ideas for medical appli-

cations’ (including six major English language
newspapers published in the USA or the UK, 
one French and one German newspaper)

• popular literature on clinical applications
(reports of clinical trials in the same 
eight newspapers).

If an identifiable and similar pattern of reporting 
of particular events preceded the first clinical trials
of applications, such a pattern could constitute 
an indicator and used to trigger a process 
of evaluation.

The authors’ expertise
The interpretation of findings was supported by 
the expertise of the research team Their combined
specialist expertise extended across the wide range
demanded by the project – expertise in the tech-
nologies as they were being applied in medicine, 
in NHS organisation and management, in the
evaluation of efficacy, effectiveness and health
economic aspects of medical technology, and 
in preparing systematic reviews. Details of the
expertise of individual authors is presented 
in Appendix 5.
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Presentation

The results of the study are presented as follows.

1. A systematic review of the academic literature
on the timing and nature of assessments –
chapter 2.

2. Publication trends for a given application in the
literature – chapter 3.

3. Systematic reviews of the six applications
considered – chapters 4–8.

4. The qualitative and quantitative changes in
publication that were found were correlated
with reported start dates of clinical trials, and
other key events that might be expected to
impact on the pattern of development, includ-
ing media reporting – chapters 4–8, as
appropriate, and chapter 9.

5. Discussion and recommendations for future
research – chapter 9.

6. List of professional conferences, seminars and
other meetings – Appendix 2.
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Summary
There is currently no generally accepted formula
for the optimal timing of HTAs. Some of the rele-
vant issues are presented in this chapter and the
existing literature on timing of HTAs is reviewed.
Literature that specifically addresses these issues is
limited. There is a consensus that HTAs should be
initiated at an early stage of the development of a
new health technology and repeated during the 
life cycle of the technology; however, the problems
of reliably identifying such new technologies at an
early stage in their development and of deciding on
a detectable critical point for starting evaluation are
not resolved. It is proposed that a system of cate-
gorisation and prioritisation of health technologies
should be developed so that decisions can be made
about when a strongly precautionary approach
needed and how the limited resources available 
for HTA can be optimally deployed.

Background

Health technologies have been defined as 
“any method used by health professionals to
promote health, prevent and treat disease, and
improve rehabilitation and long-term care”
(Standing Group on Health Technology, 1994).
Such methods include both drugs and devices
considered as technologies in their own right,
together with medical and surgical procedures
which may themselves involve the use of drugs 
and devices. Health technologies also embrace 
the higher level organisational systems that are
vehicles for these procedures.

A major objective of HTA is to provide patients 
and clinicians with information on patient care
alternatives, and to provide policy decision-makers
and healthcare managers with information on
alternatives (Donaldson & Sox, 1992). As a conse-
quence, HTA involves the evaluation of the benefits
and costs (clinical, social, economic and system-
wide) of transferring the technology into clinical
practice (Russell, 1996). Health technologies at
each of the three levels of complexity described
above should, in theory at least, be evaluated in

these ways. Ideally, HTA should be thought of as a
comprehensive form of policy research that exam-
ines both short- and long-term consequences of the
application of technologies (Luce & Brown, 1995).

In the case of drugs, there is a well-defined and
fairly comprehensive regulatory route of HTA,
which is refined, from time to time, when inade-
quacies are detected. For other health technol-
ogies, however, both the type of evaluation that is
appropriate and the timing of such an evaluation
have received much less attention. Most responsi-
bility for the adoption of such technologies is dele-
gated to individual clinicians and local research
ethics committees, who must make decisions aided
only by fragmented, often vague and incomplete
recommendations and guidelines handed down by
a variety of professional and governmental bodies,
and without specific resource provision. This situ-
ation arises because of a lack of detailed central
guidance, rather than because of an informed
decision that this is the most appropriate way 
of dealing with the questions that arise.

The pattern of development and
adoption of HTs
One of the reasons for the absence of detailed
guidelines for assessment is the lack of agreement
about how and when new technologies can and
should be evaluated. According to Banta and Luce
(1993), the lifecycle of a technology consists of 
five stages:

(i) future – technology not yet developed
(ii) emerging – technology prior to adoption
(iii) new – technology in the phase of adoption
(iv) accepted – technology in general use
(v) obsolete – technology that should be taken 

out of use.

Szczepura (1993) defined new technologies as
those that had recently been introduced. The
Department of Health (1995), in a document out-
lining a proposed Safety and Efficacy Register of
New Interventional Procedures (SERNIP) by the
Academy of Medical Royal Colleges, defined a new
interventional procedure as “an invasive procedure
which a clinician has read about, or has heard

Chapter 2

When should a health technology 
assessment be initiated?
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about, or has piloted (following Local Ethics
Research Committee approval), but for which
either the safety or the efficacy of the intervention
has not been established. It does not include minor
modifications of existing procedures where the
safety and efficacy are not in question.”

Although technologies may evolve through the
stages referred to above, the process is not neces-
sarily a straightforward progression. The earlier
view, that technologies, including health, had a
simple and consistent pattern of development and
diffusion, has been largely abandoned in favour of
a much more complex model in which it is difficult
to identify clear transition points. The simplistic,
older pattern of the life cycle of a health tech-
nology consisted of its development, adoption,
obsolescence and eventual abandonment (see, for
example, Banta & Thacker, 1990). This life cycle
followed a sigmoid or ‘S’-shaped curve, in which
the initial slow diffusion was followed by a phase 
of rapidly increasing adoption, which reached a
plateau as saturation occurred (Feeny et al, 1986). 

Gelijns and Rosenberg (1994) criticised this 
linear model, in which an idea for a new health
technology moves in an orderly progression from
the laboratory to animal models, to select human
populations, and finally into routine practice.
While this model does approximate to the highly
constrained pattern of tightly regulated tech-
nologies such as ethical pharmaceuticals (i.e. 
basic research – applied research – targeted
development – manufacture and marketing –
adoption), it implies that technological innovation
is much more systematic than it really is. In fact,
most technologies develop in slightly different ways
at a number of sites simultaneously. There is abun-
dant evidence that their adoption and diffusion
follow an irregular path, with different centres
modifying them in idiosyncratic ways, with little
concern for meaningful evaluation. Deber (1992)
observed that, in general, technologies diffuse
incrementally, rather than through an orderly
process of assessment and that this results in 
pilot projects becoming established procedures
despite the absence of evaluation.

Another criticism of the linear model made by
Gelijns (1990) is that it does not take account 
of the fact that stages of the development process 
are influenced not only by research but also by 
the broader environment through market forces.
She argues that technological development is an
iterative process, in which both an underlying 
and evolving scientific and engineering knowledge
base (technology-push) and market demand

(demand-pull) interact resulting in a particular
pattern of innovation. 

A further complication is the introduction into
medical use of technologies already developed 
for other purposes by different industries. The
adaptation of videoconferencing for telemedicine
applications exemplifies this. In such cases, bodies
undertaking clinical evaluation are unaware of the
early stages and much of the subsequent develop-
ment of the technology. Gelijns and Rosenberg
(1994) argued that a high percentage of new medi-
cal devices have emerged, not from biomedical
research, but through transfer of technologies
developed elsewhere. This ability to evolve rapidly
and independently of the medical context adds 
to the unpredictability and volatility of the
emergence of new technologies.

Changes in the way in which health-care is
purchased and delivered may also affect the 
pattern of the innovation process. Traditionally,
physicians, acting as agents for their patients, 
were considered by the developers of new health
technologies to be the principal users. In recent
years, however, other groups – such as policy
makers, hospital managers, patients, prospective
patients (i.e. the general public) and regulators
have begun to affect the demand for technology.
These groups have an important influence on
which new technologies will be accepted into
practice and how they will be used (Bower, 1994).
This, in turn, affects the rate and direction of
subsequent research and development efforts
(Gelijns & Rosenberg, 1994).

Development does not end with the adoption 
of an innovation. Adoption can be the beginning 
of an often prolonged process in which important
redesigning takes place, incorporating the feed-
back of new information generated by users. Thus,
a critical characteristic of unregulated innovation
in medicine today is that new technologies retain 
a high degree of uncertainty long after their initial
adoption (Gelijns & Rosenberg, 1994). This raises 
a difficult question – how do you evaluate a health
technology which is changing so rapidly that by the
time the results of an evaluation are available they
may be irrelevant?

Resource constraints on evaluation
Another constraint on HTA is the inevitable
expense associated with any formal evaluation. 
This is particularly problematic for fast-changing
technologies where the results may be outdated 
by the time an evaluation is completed. Costs will
vary with the nature and extent of the evaluation
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process but are always incurred. The more
extensive the evaluation, the greater the cost. 
At the high end of the cost spectrum comes the
highly-regulated drug-development process. 
With estimates of $300 million as the cost of
successfully developing one drug through to
clinical use, mainly because of the cost of meeting
regulatory requirements (DiMasi, 1991), there 
is some reluctance to impose central regulation 
on other types of health technology without
definite justification. 

However, it could be argued that the costs of
adequate evaluation are a small price to pay if
ineffective or harmful technologies are prevented
from diffusing into routine practice. Gelijns (1990)
argued that inconsistencies between the develop-
ment of drugs, devices and procedures during the
development process might have contributed to
unnecessary healthcare costs, if allowance had 
been made for the fact that the least systematically
evaluated technologies – surgical procedures –
were also the most costly.

Public demand
Rigorous HTA also involves some limitation of 
the wider availability of a technology while it is
under evaluation. In the absence of regulation, 
this limitation requires the agreement of both 
the public and the clinicians who might use the
technology. Such agreement, in turn, requires
acceptance by these parties that evaluation is
necessary – and this is not always forthcoming.
When hopes are raised that a new technology 
offers a major advance over current practice,
political pressures to adopt an untested tech-
nology may develop. Such political pressures 
are brought to bear with conspicuous effect 
when backed by the power of the media.

The recognition of the complexity and irregularity
of the innovation process, of concerns over the
costs of ineffective treatments, and of the need 
for guidelines to help withstand pressures to 
adopt untested technologies, have created an
imperative to seek convincing indicators of when
and how health technologies should be assessed.
The literature on the timing of HTAs is reviewed
below, and the conclusions of the researchers 
are discussed.

Differences in the control of drugs 
and surgical procedures
Nearly 20 years ago Bunker and colleagues 
(1978) drew attention to the marked differences 
in the controls and regulations governing the
introduction of new drugs compared with new

surgical procedures. They pointed out that new
drugs had to conform to strict, centrally-imposed
regulations, which required rigorous testing in
animals, according to strict experimental designs,
followed by carefully controlled testing in humans,
with appropriate protocols and follow-up observ-
ation. In contrast, new surgical procedures were
usually introduced in an uncontrolled manner, free
of any form of regulation. Sheldon and Faulkner
(1996) argued that this has allowed a tidal wave of
new healthcare technologies to diffuse through
healthcare systems before proper evaluation has
been undertaken to establish their safety,
effectiveness, or return on investment.

Love (1975), however, argued that it was inappro-
priate to draw parallels between the development
of drugs and surgical procedures. Important differ-
ences between drugs and operations included the
element of manual skill required to perform surg-
ery, and surgical techniques, unlike drugs, did not
have chemical compositions, physical properties, 
or other qualities that could be measured precisely.
He pointed out that the details of an operation
typically evolved with experience, and the skill
factor varied not only between surgeons but also 
in the development of individual surgeons as they
became familiar with a new procedure. Assessment
of safety and effectiveness could only be made
when properly applied in the clinical setting.

Clinical procedures
Gelijns (1990) pointed out that in contrast to 
drugs or devices, no formal governmental regu-
latory system existed for the development and
evaluation of clinical procedures. Their develop-
ment had traditionally taken place in the context 
of the physician’s clinical autonomy and the trust
between physician and patient; evaluation of these
procedures during development depended to 
a great extent on professional self-regulation. 
As a consequence, Gelijns argued, the potential
safety, efficacy and effectiveness of many pro-
cedures had not been evaluated systematically 
during development.

The institutional structure within which
development decision-making took place differed
to some extent for devices, drugs, and surgical
procedures, according to Gelijns (1990). The
development of drugs and devices was largely
sponsored by the pharmaceutical, biotechnology,
and medical device industries, and took place both
in these industries and in academic and govern-
mental clinical research settings, where investi-
gators evaluated the likelihood of benefits and 
risks in patients. Procedures, on the other hand,
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were both technically developed and clinically
evaluated by physicians in clinical practice 
(Gelijns, 1990).

From her study, Gelijns concluded that there were
serious inconsistencies in the evaluation of drugs,
devices and procedures during their development;
these might contribute to shortcomings in the
effectiveness and efficiency with which biomedical
research findings and clinical theories were
translated into useful clinical practice.

Methods of assessment
No attempt is made here to review the extensive
literature on methods of HTA but, since the 
timing and choice of method of assessment are
interrelated, a brief discussion of the types of
assessment follows.

Categories of HTA
HTA was assigned to two categories by Donaldson
and Sox (1992) – primary and secondary.

• Primary HTA involves direct collection of data,
from or about patients, and collection and
analysis of cost data. RCTs and epidemiological
observational studies are included.

• Secondary technology assessment makes use of
existing data; its methods include systematic
literature synthesis and meta-analysis. 

Cost-effectiveness and cost–benefit analyses,
computer modelling, ethical, legal and social
assessments are carried out at both primary and
secondary research levels.

Assessment of clinical effects
The Department of Health (1992) classified 
HTAs of clinical effects into those that use statis-
tical adjustment to try to control for selection
biases, and those that control selection biases 
using randomisation. The former, ‘observational’
approach takes advantage of differences in clinical
practice that exist between clinicians or places
(cross-sectional studies) or over time (using
‘historical’ controls). Statistical adjustments are
made for differences other than treatment differ-
ences (selection biases) between the comparison
groups. In RCTs, however, the aim is to actively
create unbiased groups for comparison. Partici-
pants are allocated at random to samples receiving
one of two or more alternative forms of care
(Department of Health, 1992).

If a technology has a large impact, observational
data may be sufficient to demonstrate the effect
clearly, in which case an RCT is unnecessary.

Analyses of observational data are also important 
in cases when sufficiently large trials are logistically
and financially impracticable. The use of obser-
vational data may also raise the level of uncertainty
about the effects of a technology, thus creating a
climate in which RCTs are perceived to be required
(Department of Health, 1992).

Drummond (1992) argued that the RCT was the
cornerstone of clinical research, and that managers
should be highly suspicious of evidence for the
efficacy of technologies that was not generated 
by this approach, unless it was plausible that the
impact of the new technology could be extremely
large. The benefit of most new technologies is likely
to be moderate, at best. Hence, the concern about
using observational approaches is that their selec-
tion biases may be of the same order of magnitude,
thus obscuring or grossly exaggerating any fine
effects. It is widely agreed that, in most circum-
stances, RCTs, when rigorously executed, are by far
the most satisfactory HTA method. Observational
studies, which can introduce moderate biases, can-
not yield reliable estimates of moderate treatment
effects. In most cases, moderate effects are all that
it is realistic to hope for from present treatments
for common life-threatening or disabling diseases.
It is chiefly to distinguish reliably between moder-
ate but still significant beneficial effects and no
effect (or mildly deleterious effects) that strict
randomisation, analysis and interpretation, with-
out bias, are used (Department of Health, 1992).
Randomly allocating patients between treatments
balances not just known factors but also those that
are unrecognised and unmeasurable. This cannot
be assumed to have been achieved in analyses of
observational data, no matter how elaborate the
statistical adjustments applied (Department of
Health, 1992).

While RCTs are theoretically indicated in many
circumstances, carrying out a rigorous evaluation
by RCT may be difficult. RCTs need to be capable
of reliably distinguishing between two initially
plausible alternatives: either the technology 
confers no material benefit or it has worthwhile
effects (which may be quite small) on important
outcomes. This requires not just the avoidance of
bias but also the minimisation of random errors; 
it often necessitates much larger trials than have
been customary which, in turn, cost more and take
longer (Department of Health, 1992). In situations
in which the nature of the technology was changing
during an evaluation, the reliability of the results 
of the RCT would come into question, raising the
issue of whether the resources allocated to the 
RCT were justified.
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Another criticism of RCTs is that they are
commonly explanatory rather than pragmatic 
trials. They are often conducted under atypical
ideal conditions, such as in specialist centres with
highly committed clinical investigators who use the
most advanced equipment on a highly selected
and, perhaps, motivated group of patients who
tend to comply with therapy, rather than among
patients in everyday settings (Drummond, 1992).
The trials have thus tended to evaluate efficacy
(Can the technology work in an ideal setting?)
rather than effectiveness (Do they work in an
ordinary clinical setting?).

Black (1996) argued in favour of using a range 
of evaluative techniques and concluded that RCTs
and observational methods should be seen as 
being complementary. He noted that the principal
observational epidemiological methods were non-
randomised trials, cohort studies (prospective and
retrospective), and case–control methods. Black
maintained that observational methods were need-
ed because of the limitations of RCTs and argued
that, in certain situations, RCTs may be unneces-
sary, inappropriate, impossible to implement, or
inadequate. He considered that the problems 
associated with RCTs often arose from a largely
uncritical transfer of a well-developed scientific
method in pharmacological research to the evalu-
ation of other health technologies and services.

In 1993, Franklin also concluded that the 
most important implication of the strengths and
limitations of RCTs and observational studies was
that neither method could by itself completely
address the complexity of technology assessment;
hence, the two approaches should be seen as
complementary rather than competitive.

In discussing the short ‘window of opportunity’ 
that might be available for making an evaluation,
Stocking (1988) suggested that opinion leaders
might already have made up their minds about a
technology before the results of lengthy assess-
ments could be made available. If opinion leaders
were to be influenced then ‘quick and dirty’ studies 
were needed to give at least some information
about the technology and its implications.

These arguments lend support to the principle 
of using different methods of HTA in parallel,
selected to yield a useful, combined body of know-
ledge on which to base decision-making. Stocking’s
(1988) case for an initial study at an early stage,
using a quick and imprecise method of assessment
to give something on which a case for further
action may be built, is attractive. However, it begs

the question of whether this would be a sufficiently
reliable basis for subsequent decisions. Given that
RCTs are expensive and that to carry them through
rigorously requires limitation of the availability of a
treatment and control of its format during the test
period, some preliminary evaluative information is
needed to reinforce the demand for this level of
commitment. Stocking’s model, then, suggests a
pattern of clinical evaluation starting at the point
when opinion leaders are becoming interested but
not yet committed, with a quick, inexpensive
assessment to determine what potential benefits 
a new technology may have to offer, followed by
observational studies in combination with RCTs.

Non-clinical assessments
Dolan and Zingg (1993) pointed out that most
methods of assessment focus on quantitative issues
but that it is increasingly recognised that the legal,
ethical and social implications of technology must
be addressed as well. As with clinical assessment,
non-clinical assessment poses significant method-
ological problems. Studying the effects of the
social, ethical, legal and organisational impacts 
of technology requires a range of methods, both
qualitative and quantitative, and a different set of
skills from those needed for clinical evaluation.
Much can be learned from interviewing relevant
people – patients, their relatives and friends, and
those providing care. Observers can also be used 
to assess the impact of a particular technology
(Department of Health, 1992). However, achieving
a satisfactory degree of rigour and acceptance by
these methods is not easy.

According to Jonsson (1993), the importance of
economic evaluations is increasing because such
studies are relevant to both patient and physician
for optimising treatment, as well as to decisions
about the allocation of scarce healthcare resources.
This recognition of the need to carry out economic
evaluation has only recently emerged. Adams
(1992) assessed the prevalence and completeness
of economic analyses in RCTs published from
January 1966 to June 1988 and found that, of 
over 50,000 published RCTs, only 121 (0.2%)
included economic analyses.

Like the other types of HTA, economic evaluations
are fraught with difficulties. Drummond (1992)
lists four principal types of economic evaluation.

1. Cost-minimisation analysis, in which different
treatments or technologies are assumed to have
identical results and the aim of analysis is to
establish which will achieve the outcome at
least cost.
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2. Cost-effectiveness analysis, in which cost 
of treatment is assessed in relation to each
natural unit of health improvement gained 
by the patient (such as years of life gained 
or disability days avoided).

3. Cost–utility analysis, in which cost of treatment
is assessed in relation to each year of life
gained, adjusted for quality (i.e. quality
adjusted life-year or QALY).

4. Cost–benefit analysis, in which cost of
treatment is assessed in relation to benefits,
quantified in terms of monetary value to 
the patient and to society at large.

Economic evaluation can be integrated with
assessments of efficacy and effectiveness by under-
taking economic assessments as part of controlled
clinical trials. However, as Sculpher and colleagues
(1995) noted, although the demand for economic
analysis as part of healthcare research and develop-
ment is growing, the best model for incorporating
it into clinical research has yet to be established.
They argue that an assessment of the potential for 
a new technology to be cost-effective needs to be
undertaken at an early stage, before widespread
diffusion, and that economic evaluation should be
seen as a sequence of carefully planned studies. In
addition, if economic evaluations are to be based
on clinical trials, more extensive economic input
into trial design is needed at an early stage. They
describe an economic evaluation approach with
four stages. If, because of the absence of external
controls, new technologies are likely to diffuse
rapidly, because of the incentives or pressures 
that face providers, then the stages of economic
evaluation might need to be compressed.

Assessing different types of technology
As indicated earlier, health technologies may 
be developed for a variety of purposes, including
drugs, devices, diagnostic techniques and surgical
procedures. Feeny and colleagues (1986) stated
that the strategies for definitively establishing the
efficacy of a technology had become established
through use in drug trials. They noted that,
although it had been strongly argued that the 
same principles applied to other technologies, 
such as surgical procedures, this view was not
universally accepted. Feeny and colleagues (1986)
suggested guidelines both for appraising reports 
of the assessment of any therapeutic technology
and for the appraisal and assessment of 
diagnostic technologies.

Banta and Luce (1993) contrasted assessments of
medical imaging, surgical practice, drugs, picture
archiving and communication systems. In the case

of diagnostic imaging, they noted five levels 
of evaluation: technical evaluation, diagnostic
accuracy, diagnostic impact, therapeutic impact
and health impact. They concluded that the 
poor quality of primary data remained the main 
problem in assessments of diagnostic imaging.

In the case of surgery, Banta and Luce (1993)
considered that the nature of surgical procedures
contributed to the difficulty of testing them using
RCTs, since the surgeon’s skill was likely to have an
important impact, and this might change over time.

With reference to picture archiving and communi-
cation systems, Banta and Luce (1993) noted that
although there was little experience of technology
assessment in medical informatics, this was increas-
ing despite practical and methodological difficul-
ties. They concluded that improvements in health-
care, as a result of computer systems, would be
difficult to classify and identify, and that economic
analysis, concentrating on the process of care,
would continue to be the major method of
assessing such systems.

Objectives

The objectives of the review were to identify
principles governing the timing of HTAs, to
ascertain their applicability to new and fast-
changing technologies, and to assess whether 
the literature provided adequate guidance 
to inform future decision-making.

Search strategy

Systematic searches for papers on the timing of
HTA were made using the databases, Medline and
Embase. No papers were identified that focused
primarily on the question of timing. When the
question of timing was mentioned, it formed 
part of a wider discussion of HTA.

The products of the database searches were
supplemented with articles identified through
other means, which included contact with experts
in the field, hand-searching the reference lists of
key articles, and monitoring the contents of a 
small number of medical journals published 
during 1996. A more detailed description of the
methodology appears in Appendix 1, together 
with the number of articles identified and
principles guiding selection for analysis. Articles 
are listed in the References and are further
classified in Appendix 4.
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Studies included
Identification of new health
technologies
Even before considering how to identify the time 
at which a particular health technology should be
assessed, there is the problem of identifying if a
new health technology has emerged. In a report
commissioned by the UK Department of Health
(1992), it was pointed out that that any arrange-
ments for setting priorities must therefore develop
an early warning system for emerging technologies.

A Dutch project with this objective was reported 
by Banta and Gelijns (1994). This project was set
up, under the auspices of The Netherlands Govern-
ment Steering Committee on Future Health Scen-
arios, to analyse future and emerging healthcare
technology. The primary users of the project results
were intended to be public healthcare policy and
decision-makers. The objectives of the project were
first to identify new technologies as early as possible
by acting as an early warning system and, second, to
assess the prospects of a number of high-priority
technologies or areas of technological change.

The early identification system involved systematic
scanning for indications of which technologies
were to be expected, why they could be of import-
ance and an indication of the likely time-frame for
their development and introduction into medical
practice. The main focus was on the identification
of potential innovations while they were at the
development phase. Sources of information
included the published literature, news services,
biomedical and bioengineering conference pro-
ceedings, as well as expert opinion on estimates of
likely developments in various fields of medicine
and health-care.

The conclusions drawn from the project were 
that achieving an early identification system that
remained relevant both to operations and policy
making would require a permanent structure,
which would also periodically update the inform-
ation collected. The most efficient way of establish-
ing such a system was thought to be through
building a network of groups, each consisting 
of two or three experts in various clinical and
biomedical research areas, who would review 
the scientific and technological developments 
in their respective fields annually.

A Canadian body with a similar role has been
created (Battista et al, 1995), the Canadian
Coordinating Office for HTA, one of whose
functions is to act as an early warning system 

for emerging technologies. Information is obtained
by scanning newsletters, scientific literature and
bulletins, and through links with other agencies.
Carrying out this task is both time- and resource-
intensive. Dissemination is through publication of
Technology Briefs, in which the aim is to address a
specific technology and translate technical inform-
ation for policy makers in a timely and succinct
manner. This has been rated as a valuable early
warning system.

A detection and control system for novel surgical
techniques, proposed by the Senate of the Royal
Surgical Colleges of Great Britain and Ireland, has
been described by Border (1995). This was design-
ed to address issues such as evaluation, training,
continuing education and quality assurance
monitoring, and was intended to operate in 
a series of stages.

1. Detection of new techniques through, for
example, literature, communication and
conference reviews.

2. Evaluation of novelty by questioning whether 
a new technique differed from existing practice
enough to warrant assessment or training.

3. Evaluation of the procedure by clinical trials 
at specified centres, during which time the use
of the procedure would be restricted to those
centres. Trials would also develop and define
training methods and requirements.

4. Introduction of the procedure, once its value
had been proven, with its use restricted to 
those surgeons who had received appropriate
training. In the event of the new procedure
becoming more generally adopted, proficiency
in its use would form part of basic surgical 
skills assessment.

In the UK, the Standing Group on Health
Technology advises on national priorities for 
HTA. Its tasks include: identifying and prioritising
technologies in need of assessment; advising when
there is a particular need to control the diffusion 
of a technology until more information is available;
identifying emerging technologies likely to have
major implications for the NHS; and identifying
and prioritising the need for research and develop-
ment in methods used to perform HTAs (NHS
Executive, 1996).

In addition, a register of new interventional
procedures, SERNIP, is being established by the
Academy of Medical Royal Colleges (Department
of Health, 1995). This voluntary system will aim to
protect patients from the inappropriate application
of new interventional procedures whose safety 
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and efficacy has not been established. It will in-
corporate a method of identifying and registering
such procedures and advising on how they may be
evaluated in a controlled manner.

All these systems for detection of new technologies
require value judgements by experts on what is
‘new’, and whether it is likely to give rise to health
technologies that are safer/cheaper/more effective
than existing treatments. In many cases, such
judgements would have to be made by experts with
vested interests and an ‘insider’ perspective; hence,
there are questions as to whether the systems, as
designed, would be effective or dispassionate
enough to justify the resources involved. Would 
all emerging health technologies be detected?
Would their potential be correctly assessed? 
Would voluntary systems work?

Timing of assessment
While there is a fair degree of consensus in the
literature about the principles that should guide
timing, the recommendations are couched in
general terms, rather than in terms of key indi-
cators for identifying a specific point in time at
which assessment should be initiated. However,
there is widespread support for the view that
assessment should be on-going once the decision
had been made to begin evaluation.

Assessment should be early
Bunker and colleagues (1978) reviewed the
introduction and evaluation of four new operations
(shunt surgery for portal hypertension, coronary
artery bypass graft, jejunocolic and jejunoileal by-
pass and total hip replacement). They noted that
there had been RCTs of three of the four oper-
ations but only some time after their introduction
and after many procedures had been undertaken.
Bunker and colleagues drew attention to short-
comings in the evaluations, such as a lack of system-
atic collection of data and reporting, and con-
cluded that earlier trials would have speeded the
process of evaluation in each case. They argued
that a new treatment should be introduced in a
manner that allowed prompt and reliable
evaluation of its efficacy and safety. Bunker and
colleagues noted that when the new treatment 
is an operation, its introduction is almost always
uncontrolled. Thus, with increasing use, the pro-
cedures might vary over time and between sites,
which might in turn lead to conflicting evidence
about benefits that originally seemed clear.

The UK Department of Health (1992) held that
new health technologies should be evaluated
before they are allowed to diffuse into clinical

practice and that, in addition to safety, effectiveness
and cost issues, ethical issues should be addressed
early in the development of new technologies.
Gelijns and Rosenberg (1994) also considered 
that new technologies should be assessed as early 
as possible.

Banta (1986) argued that to be successful,
assessments must be made early enough to affect
decision-making. He pointed out that assessments
were usually undertaken late in the life cycle of a
product or procedure and, by that time, important
decisions had already been made on the basis of
personal experience or financial considerations
rather than by objective assessment of the net
benefits. This accorded with the criticism of Feeny
and colleagues (1986) that new health technologies
tended to be widely disseminated before they were
rigorously evaluated to determine their clinical
effectiveness. Luce and Brown (1995) also noted
that results of evaluations were generally available
too late, after purchasing decisions had already
been made, and that opinions from speciality
groups and reviews and recommendations were
often published after the technology had become
accepted practice.

An alternative viewpoint was that of McGregor
(1994), who stated that new technologies needed 
to be fairly widely diffused before they could be
assessed. He maintained that after a technology 
was shown to have worked, it could take years of 
use by many operators to develop and refine it.
McGregor argued similarly that once efficacy had
been proven, the technology had to be widely used
before its effectiveness in general use could be
evaluated. He conceded, however, that diffusion
was often wider than was strictly required. This
delayed approach to evaluation is open to a
number of criticisms.

• Ineffective or harmful technologies would be
allowed to diffuse before they were evaluated.

• Once a technology had diffused into routine
practice, it would become much more difficult 
to conduct an adequate evaluation.

• Apparent benefits of the new treatment might
dissuade physicians from taking part in RCTs
and their influence, together with media
coverage, might engender patient reluctance 
to take part in such trials.

The critical point
The concept of identifying a specific point at which
an evaluation should be undertaken, rather than
that it should simply be ‘early’, was proposed by 
a number of writers.
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Bunker and colleagues (1978) argued that the
period when the clinician developed and refined 
a new surgical procedure and defined diagnostic
criteria for its application was akin to the beginning
of a feasibility study. Independent review, when
favourable, should then lead to collaborative trials.
They maintained that, in the presence of the learn-
ing curve phenomenon, the timing of the shift
from feasibility study to multicentre trial might be
crucial. To achieve this successfully a central review-
ing authority was required which was capable of
sophisticated statistical and economic analysis and
was empowered with the authority and resources
needed to initiate and coordinate appropriate 
trials (Bunker et al, 1978).

According to Stocking (1988), the earliest group 
to adopt an idea are the innovators who design 
the new procedure or technology. Widespread
adoption does not immediately occur. It is only
when the opinion leaders, among the relevant
group of clinicians, begin to take up the idea that
the majority will follow. Stocking argues that the
important period for evaluation is the time when
the opinion leaders are still considering the new
technology, since at this point there is clearly an
emerging technology which has not yet diffused 
out of control.

Banta and Andreasen (1990) were even more
specific. They considered that there was a critical
point at which an evaluation should be carried out
and stated that if an assessment was done too early
it would be forgotten, whereas if it was done too
late it would be largely worthless. They did not,
however, describe the point in terms that would
assist timely recognition.

On-going evaluation
In addition to proposing that there was a critical
point for initiating evaluation, Banta and Andrea-
sen (1990) argued that assessment needed to be 
an iterative process rather than a one-off study; 
that is, there needed to be a review of policy against
a backdrop of an HTA overview. There was no
established formula for the timing of technology
reassessment and the optimal period between
reassessments would vary, depending on the effec-
tiveness of the technology, costs, safety and the
health impact of the disease or injury to be diag-
nosed or prevented. Thus they again failed to offer
any convenient guidelines for easy identification 
of critical points. They asserted that policy making
often depended on understanding the implications
of a new technology at several points in its diffu-
sion. Banta and Andreasen also suggested that
assessment could be thought of in terms of the 

life cycle of a technology, starting with prospective
assessment of a nascent technology, assessment of
the impact of the technology in practice, followed
by later assessments as the technology changed or
was used for new indications. Later reassessment
would evaluate use and determine whether replace-
ment or abandonment should take place. This
echoed the view of the (Dutch) Steering Commit-
tee on Future Health Scenarios (1987), who had
argued that a complete system for assessing a new
health technology should monitor change at all
stages of technological development and diffusion.

A more recent report by the Institute of Medicine
suggested a process for setting priorities for tech-
nology assessment, which also took into account
the need to re-evaluate (Donaldson & Sox, 1992).
One recommendation was that all previously
assessed topics should be considered as candidates
for reassessment. A change in the nature of the
condition, expanded professional knowledge, a
shift in clinical practice, or publication of a new,
conflicting assessment might trigger consideration
of a technology for reassessment. Another recom-
mendation was that topics for reassessment should
be prioritised at the same time as for initial assess-
ment, and that the topics should be given equal
weight at each assessment. This report like those
preceding it described critical points but not in
ways that would make them easy to pinpoint in a
rigorous and objectively justifiable fashion. Identi-
fying the critical points would require value judge-
ments about how much of a change in circum-
stances is enough to warrant a new assessment.
These judgements would be have to be made 
by experts who might themselves have vested
interests and preconceptions which militated
against objectivity.

ACOST, in its 1993 report on medical research 
and health, endorsed and expanded the views in
the Institute of Medicine report. ACOST stated 
that if a novel development was to be promoted 
for general use it was essential that it should
undergo scientific assessment including: evalu-
ation of safety, efficacy and outcomes, in the short-
and long-term, comparison with existing options,
cost-effectiveness and indications for use. The
Advisory Council recommended that the NHS
should require all new medical devices or novel
applications of existing devices to be developed
only under controlled conditions, and to be linked
to validated data collection and analysis systems in 
a way that would facilitate the effective dissemin-
ation of results. The development of medical
advances should be seen as an iterative process 
in which information is collected, validated, 
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and disseminated, and the technology re-evaluated
and refined. This would allow assessments to be
made at different times in the cycle.

Franklin (1993) argued similarly that technology
assessment should be an on-going process as new
questions continually arise and new information 
is constantly being generated. Gelijns and Rosen-
berg (1994) also espoused on-going evaluation 
of continually changing technology. They noted
that improvements in medicine are mostly incre-
mental and part of a continuous process compris-
ing numerous small-scale advances; as a conse-
quence, the manner of use, the clinical results
achieved, and the resource costs associated with
technological interventions change continually.

Apart from on-going evaluation of technologies
that change, there is also the question of continued
monitoring of a stable procedure once it enters
clinical practice. Gelijns (1990) argued that, follow-
ing randomised or otherwise well-controlled effi-
cacy and safety trials, long-term surveillance should
be undertaken of the safety and efficacy of new
procedures as they were used in everyday clinical
practice. Such studies might involve experimental
or observational methods. Bunker and colleagues
(1978) also maintained that just because the
efficacy of a procedure had been established by
collaborative study, followed by its wider use, this
should not mean that evaluation came to an end.
They noted that there was a clear need for con-
tinuing observation of many procedures in order 
to determine their long-term results. 

The validity of assessments
The authors of the papers reviewed above consid-
ered the question of timing from the perspective of
the needs of decision-makers for information about
health technologies at a particular point in the
development/adoption process. Although there 
is a consensus that these technologies should be
evaluated early and repetitively, there are also 
other questions to be addressed which relate to 
the rigorousness of the evaluation and its on-going
relevance. These highlight the fact that the value
and usefulness of the information generated is
affected by the time at which the assessment is
carried out.

Some of the limitations on the usefulness of the
information gained from assessments were under-
lined by Fineberg (1985), who pointed out that the
results of a technology assessment can be outpaced
by fast-changing technology. He contended that, by
its nature, new medical technology is in a state of
flux with advances in the technical capacity of a

technology to be expected, especially in the early
phase after its introduction. This was also the time
when the need for a technology assessment might
be felt most acutely. Fineberg argued that this was
only one of several difficulties faced in evaluating 
a fast-changing technology. Since the value of a
technology relates only to the alternatives that may
be available, changes in competitive technologies 
as well as evolution of the target technology affect
its relative efficacy, safety and cost. In addition, as
physicians become more accustomed to a new tech-
nology, better use is made of it even in the absence
of shifts in technical performance. Added to this,
the underlying disease pattern in the population to
whom the technology is applied might be chang-
ing. Changes in fundamental scientific or medical
knowledge that underlie perception of disease or
its treatment might also alter the environment in
which a technology is used. Finally, changing social
values and expectations might alter the potential
impact of some new technologies, for example,
genetic engineering.

Fineberg’s (1985) discussion underlines the
extreme complexity of the environment in which
health technologies are developed and applied.
Lilford and Jackson (1995) focused on one of the
key requirements of rigorous assessment on which
rapid environmental change impacts. They argued
that RCTs were only ethical under conditions of
equipoise; this limits the rigour of assessment that
is possible because equipoise represents a window
of opportunity. Equipoise was defined as the situ-
ation in which there is no preference between the
treatment options to be compared. Individual
equipoise applied to individual clinicians, while
collective equipoise applied to the health profes-
sion as a whole. Lilford and Jackson drew attention
to the practical difficulties of rigorously adhering 
to the principle of equipoise, which would create
problems for recruitment to clinical trials. In
advance of a trial, clinicians often have rational 
but different preferences and consequently may
not be in equipoise.

Lilford and Jackson (1995) argued that where 
there was a high recruitment rate it called into
question the comprehensiveness of the counselling
that patients had received. An ethical obligation 
to maximise perceived utility for individuals was
likely to restrict trials that were desirable for society
as a whole. This was because society as a whole
needed precise answers to clinical questions and
this depended on high patient recruitment rates 
to clinical trials. However, in circumstances where
importance was attached to equipoise, clinicians,
with what they believed to be a rational preference
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for one type of treatment over another, would not
offer trial entry to their patients. Thus it would be
the minority of patients, for whom, in the face of all
current information the physician was in effective
equipoise, who would be considered suitable 
for randomisation.

One implication of the concept of equipoise is that,
practically and ethically, the period during which
rigorous RCTs could be carried out might be brief,
since the period during which a clinician has no
preference between the treatment options to be
compared is likely to be short. This suggests that
RCTs should be undertaken as soon as new
technologies are introduced.

Chalmers (1975) argued for randomisation of 
the first patient, as opposed to randomisation only
when the trial can be carried out without changes
to the treatment. Echoing Lilford and Jackson
(1995), he argued that physicians could never
undertake a controlled trial if they were consciously
enthusiastic about one of the procedures.

Chalmers’ (1975) argument was as follows. Where
surgical procedures had been confirmed by therap-
eutic trials, such trials had been preceded by many
consecutive series of patients in which the tech-
nique might have been slowly modified. Waiting
until the technique has been modified before
evaluating it is unethical, however. This is because,
in effect, the physician is asking certain patients to
give up their right to the standard accepted therapy
and to be treated instead by a procedure that has
not yet been developed sufficiently to justify its
comparison with that standard therapy. Chalmers
(1975) maintained that it would be more ethical 
to randomise from the beginning and explain to
patients that they had a 50% chance of receiving
the more beneficial therapy. He concluded that
from scientific, ethical and practical standpoints,
exploration of any new therapy in sick patients
should begin with randomisation into either the
conventional or the new treatment regimen.

Gelijns (1990), however, pointed out that during
the initial stages the practitioner’s skills and exper-
tise with a procedure are still evolving, with the
result that the risks and benefits associated with the
procedure may change considerably. She noted
that in view of this learning curve phenomenon,
the initial application of a new procedure would
probably need to involve methodologically sound,
non-formal experimental studies. She added that
such early reporting of clinical experience might
form the basis for the design of subsequent RCTs 
or otherwise well-controlled trials to determine a

procedure’s safety and efficacy, which should be
undertaken at selected institutions. This argument
was also propounded by Bunker and colleagues
(1978), who maintained that the benefits would
include an improvement in patient outcomes after
the new procedure resulting from the increasing
experience of the surgeons, and more reliable
statistical information through a larger number of
patients receiving the procedure. The requirement
for the information involved in such early report-
ing to be reliable lends weight to the arguments for
standardised reporting procedures to be developed
for both observational and experimental studies,
and for technologies to be evaluated at different
points on the learning curve.

Durand-Zaleski and Jolly (1990) addressed the issue
of the loss of impartiality of public attitudes towards
nascent technologies when high hopes had been
excited. They argued that a new technology, which
might offer a dramatic improvement in the health
status of a group of people, should be assessed with
special care. Public expectations and pressure, how-
ever, often make it extremely difficult for policy
makers and healthcare providers to take the time
necessary to carry out such an assessment.

A systematic review of the literature on RCTs 
and the problems associated with executing them
satisfactorily is currently in preparation in this
series by Dr Robin Prescott and others.

Discussion

The literature on the timing of HTAs is not
extensive. There is a broad consensus that an HTA
should be initiated early and that it should be a
carefully planned, continuing process. It should
take into account the wider issues of social and
economic impact, as well as the clinical effects 
of the technology.

The authors of the papers reviewed attempted to
identify the ‘right’ moment to begin evaluating a
new health technology; because of the common
assumption of safety and effectiveness by both
clinicians and patients, the authors considered 
the difficulties of achieving an adequate degree 
of rigour in the evaluation process, despite inade-
quate evidence, either from the outset or that
developed during the assessment process.

A number of the authors cited have argued that
there are indeed critical points at which a first
evaluation should be carried out but none have
identified clear indicators that would signal the
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moment. Rather, they have emphasised the
complexity and multiplicity of the factors that 
affect the emergence of a new technology and 
the pattern and format of its adoption. 

Identification of a critical point, before policy
makers need an assessment and while there is
uncertainty about the merits of the technology
amongst clinicians and patients, is a pressing issue,
since controlling the adoption and diffusion of a
new technology becomes increasingly difficult. The
other problematic area is precisely how to evaluate
a particular technology at a given time. While every-
one agrees, in principle, that evaluation should be
undertaken, given the resource issues it will always
be extremely difficult to obtain a routine commit-
ment to evaluate without clear indicators of when
and how to go about it. 

The question of the indicators or triggers for first
evaluation needs to be addressed. Given that it is
not simply a question of following the emergence
of technologies developed entirely within a medical
context, a warning signal is needed to identify their
emergence as sufficiently significant health tech-
nologies. The possibility of using publication trend
or citation analysis to identify such critical points is
reviewed in chapter 3.

Writers have experienced difficulty in trying to
achieve greater specificity about when, how, and
how frequently to evaluate new health technol-
ogies. One reason for this is that, with the exception
of bodies addressing the problems of surgical tech-
niques, there has been a tendency to lump together
the whole range of new technologies (other than
drugs) that are used to promote health, to prevent
and treat disease, and to improve rehabilitation and
long-term care. It is unlikely, however, that a single
approach will be suited to all, although there are
clearly some important common principles.

A first step towards addressing the issues would be 
to reduce the complexity of any one case somewhat
by assigning HTAs into categories on the basis, for
example, of their invasiveness and of possible char-
acteristics such as their apparent cost advantages/
disadvantages, their potential for major improve-
ments to public health, and their ethical impact. 
A strongly precautionary approach would clearly 
be appropriate for the more invasive, ethically prob-
lematic and costly. An HTA might be assigned a
score on each of several parameters and the overall
total used to decide on priorities for evaluation. 

A series of different tests could be applied, depend-
ing on the initial score, to decide on the next step.
Provided the guidelines were sufficiently clear, this
would allow decentralised care purchasers and ethics
committees to decide whether they were competent
to evaluate a new technology, or whether they should
refer to central authority for further guidance.

The question of which methods of evaluation to
apply and when to apply them would be easier to
answer when the category of HTA was more pre-
cisely defined and its risk characteristics assessed.
However, the general principle advocated in most
of the literature reviewed here, of using a number
of methods of evaluation on an iterative basis is
clearly important, and its utility would be enhanced
if a more unified standard of reporting in obser-
vational and experimental studies were observed.
For example, the recent Consolidated Standards 
of Reporting Trials (CONSORT) initiative is an
attempt to improve the overall standard of report-
ing of RCTs (Begg, 1996). Hence, a set of strong
recommendations on how to carry out and record
each type of evaluation would enhance the value of
each. In addition, there is clearly a need to improve
the effectiveness of current systems of reporting
side-effects of treatments once they have become
routine and the level of interest in the technologies
has fallen.

The implications for policy makers are that signifi-
cant new health technologies need to be identified
as they emerge, possibly through some form of
horizon-scanning mechanism, so that they can be
prioritised and steps can be taken to assess them in
an appropriate manner as early as is practicable.
Otherwise, the danger remains that a combination
of technology ‘push’, pioneer enthusiasm, and
media publicity may propel the diffusion of new
technologies into routine practice before they have
been adequately evaluated. The implications for
healthcare managers and clinicians are that, where
the introduction of new health technologies is not
covered by central regulation, national initiatives
such as SERNIP should be supported. In areas of
medicine where no such national initiatives exist,
the establishment of local guidelines would help to
ensure that new health technologies were consid-
ered in a structured manner before any decision to
adopt them. Healthcare managers and clinicians
also need to be aware of the results of assessments
that may have already been carried out on new
health technologies whose introduction they 
are considering.
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Summary
Measuring publication trends through correlating
dates of publication, numbers, authors and content
of articles, identified by searching literature data-
bases, is a speedy method of scanning the nature,
and level of a reported activity. The accuracy of this
method is limited by a number of factors, including
the choice of search terms, the quality and cover-
age of individual databases and the conventions 
of reporting within a literature. Databases of popu-
lar press reports are likely to be particularly prone
to yield misleading results owing to the unsystem-
atic nature of journalistic reporting and the much
less precise use of language compared with
technical literature.

With those limitations in mind, publication trends
over time in relation to each of the six medical
applications were examined to see whether this
approach might yield at least a crude indication 
of points at which policy makers should be alerted
to the need to initiate evaluation. The starting
assumption was that publication trends might in
some way be related to the rate of development 
and diffusion of those applications, and that it
might be possible, by plotting trends, to identify 
the characteristics of points at which specific
evaluative activities should be triggered. Rate 
of citation was also investigated for the same
reasons. Although this approach yielded inter-
esting and suggestive results, it did not lead to 
the identification of specific ‘critical points’ 
which might have acted as indicators to trigger 
first evaluation.

Background

It would be extremely useful to have indicators,
even if crude, of the best time to initiate HTAs 
in order to provide for rigorous evaluation of 
new health technologies before their widespread
diffusion. The hypothesis was proposed that publi-
cation and citation trends might show character-
istic patterns that could be used to identify such
‘critical points’. Identification of key points within
such a pattern might help to control adoption and
might justify the resources required to carry out 
an evaluation.

Objectives
The objectives were:

• to display graphically publication and citation
trends for the six applications reviewed

• to relate the patterns generated to events 
in the development and diffusion of the 
health technologies

• to use the information generated to confirm or
disprove the view that there might be character-
istic inflection points in the curves generated,
which could in turn be used as indicators for
stages of development and diffusion.

Search strategy

The search strategy is described in Appendix 1.

Methods

Bibliometric approaches are becoming more
powerful as increasing numbers of large databases
of publications become available on CD-ROM.
They have now been used in a variety of ways as
indicators of research and development activity.

Rappa and Debackere (1992a;b) argued that
electronic bibliographic databases could be used 
as a source of data for monitoring technological
progress. Rappa and Garud (1992) used the scien-
tific literature in this way to model the contribution
spans of scientists in the field of cochlear implants.
Rappa and colleagues (1992) also employed the
scientific and patent literature as a source of data to
analyse the relationship between author/inventor
contribution spans and the rate of technological
progress in two chemical fields. Santarelli and
Piergiovanni (1996) carried out an analysis of
literature-based innovation output indicators, 
as did Coombs and colleagues (1996).

Results

The numbers of publications per year identified
from Medline for each of the six medical appli-
cations under consideration are shown in Figure 1.

Chapter 3

Bibliometric study
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The number of publications on coronary 
disease has been used as a control against which
the publication trends of the six medical appli-
cations may be compared, on the assumption that
research in coronary disease, a major long-term
area of research, could be used as an indicator 
of the general level of medical research output.
The terms used in the searches are listed in
Appendix 1.

As the number of references retrieved for coronary
disease was large enough to ‘flatten’ the trend lines
of the other applications on the graph, the total
number of references for coronary disease was
divided by four. This had the effect of scaling down
the curve while still showing the trend line and
allowing the publication trends for the remaining
six medical applications to be clearly displayed. 

The trends for the six applications considered 
in this report are quite different from the trends
for coronary disease and can be assumed to show
research trends specific to the applications them-
selves. While annual numbers of publications for
the relatively established applications of laparo-
scopic cholecystectomy and CVS appear to have
peaked and are now declining, those for the other
four applications are increasing. This tends to
confirm the starting assumption that the first two
applications have been relatively well-evaluated 

and are no longer such active subjects of research
and evaluation, while demonstrating that the other
applications are still at a relatively early stage in the
adoption and diffusion process. Teleradiology, for
which references have appeared in small numbers
over a number of years, illustrates the wide vari-
ations that can occur in the time-span of the
adoption and diffusion process.

The number of publications per year identified
from Medline for laparoscopic cholecystectomy
and the period over which some of the main RCTs
of the procedure took place are shown in Figure 2.
Numbers of publications are represented by the
bars on the chart, and each of the RCTs is repre-
sented by a line (which relates to the x but not 
the y axis).

A single reference appeared in 1989, after which
annual numbers increased steadily, peaking over
the period 1993/94 at over 600 references per year;
the beginning of a decline in publication numbers
appeared to be indicated in 1995. Thus, over a
relatively short period, a significant amount of
publishing activity was generated. The apparent
decline in the publication rate suggests that this
procedure has now become relatively routinised.

Three of the RCTs shown compared laparoscopic
with open cholecystectomy  and five compared
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FIGURE 1  Medline references by year for the six medical applications and coronary disease (x 0.25) (–◆–, CVS; –x–, genetic screening
for breast cancer; –+–, coronary disease; –■■–, laparoscopic cholecystectomy; –■–, teledermatology; –▲–, gene therapy for cystic fibrosis; –●–,
teleradiology)
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laparoscopic with mini-cholecystectomy. The
earliest trials shown here began in 1990 (Trondsen,
laparoscopic versus open; Barkun, laparoscopic
versus mini; Kunz, laparoscopic versus mini), while
the latest began in 1992 and was still on-going in
1995 (Majeed, laparoscopic versus mini); all the
trials began while annual publication rates were 
still increasing. There has been no large-scale 
RCT comparing laparoscopic with open chole-
cystectomy and, by 1991, it was being suggested 
that the obvious benefits of the laparoscopic
procedure had placed ethical constraints on the
undertaking of such a trial (Neugebauer et al,
1991). Nevertheless, as Figure 2 shows, smaller 
RCTs comparing laparoscopic with open chole-
cystectomy (Berggren et al, 1994) were begun 
in 1991. The chart shows that the RCTs were 
not initiated until 3 years after the first Medline
reference to laparoscopic cholecystectomy and, 
by this time, there were reports of ethical prob-
lems about undertaking full RCTs. This suggests
that a ‘window of opportunity’, which may be
connected to the pattern of publication trends,
opens, during which it is possible to initiate 
an RCT. After a time, this window may close 
and it then becomes much more difficult to
undertake such evaluations. In the case of
laparoscopic cholecystectomy, that window 
was probably some time before the first trials, 
since at the time they started there were already
difficulties with randomisation.

The publication trends for laparoscopic
cholecystectomy in medical literature (Medline),
popular literature (Promt) and technical literature
(Compendex) are shown in Figure 3. Searches were
made on these databases and the results plotted, 
in an attempt to identify the emergence of any
significant patterns in publication trends. As might
be expected, coverage of this technique in the
popular literature began around the same time 
as reports began to appear in the clinical literature.
From 1990, however, while reports in the clinical
literature increased rapidly until 1993, popular
coverage increased only slightly until 1992, before
declining from even that modest level. Thus it
appears unlikely that media reports played a major
role in influencing the timing of trials of this appli-
cation. This surgical procedure was barely men-
tioned in the technical database, which might be
suggestive of the fact that the technology itself was
not novel but had been introduced into other
applications in the health sector through a process
of technology transfer. MIS was already in use by
gynaecologists and direct transfer occurred. Again,
as might be expected, by far the largest number of
publications on laparoscopic cholecystectomy
occurred in the clinical literature.

The annual numbers of references to CVS
identified through a search of the Medline data-
base are shown in Figure 4. Also shown are the
annual numbers of conferences at which CVS 
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FIGURE 2  Laparoscopic cholecystectomy (LC) – Medline references, showing duration of selected RCTs versus mini- (MC) or 
open (OC) cholecystectomy ( , laparoscopic cholecystectomy; –x– Jan and Chen, LC–OC; –+– McGinn, LC–MC; –■– Trondsen, LC–OC;
–■■– Barkun, LC–OC; –◆– McMahon, LC–MC; –▲– Berggren, LC–OC; –●– Kunz, LC–MC; –●●– Majeed, LC–MC)
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was featured, identified from a search of the 
Index of Scientific and Technical Proceedings and
Medline. In addition, the major clinical trials which
were undertaken comparing first-trimester CVS
with second trimester amniocentesis are included
(represented by lines parallel to the x axis) – the
Canadian collaborative trial 1984–88 (Lippman 
et al, 1988), the Danish trial 1985–90 (Smidt-Jensen
et al, 1992), the MRC European trial 1985–89 (MRC
Working Party on the Evaluation of Chorion Villus
Sampling, 1991) and a large US trial 1985–86
where randomisation was attempted but had 
to be abandoned (Rhoads et al, 1989). 

References to CVS first appeared in the literature 
in 1983, gradually increasing in numbers and then
reaching a plateau for the years 1989–93; since then
they have been declining steadily. This suggests 
that CVS has now been available long enough to
have become either relatively well evaluated and
routinised or alternatively evaluated but not adopted
widely. It should be noted when comparing publi-
cation trends for laparoscopic cholecystectomy and
CVS on Medline, the highest annual number of
references to laparoscopic cholecystectomy was 
633 in 1994, whereas the corresponding figure 
for CVS was far fewer – 167 in 1990 (Figure 1).

Most publications on CVS followed the start of the
major trials, in contrast to laparoscopic cholecystec-
tomy where publications and trials ran in parallel to
a large extent. The Canadian trial began in 1984,
the year after the first references to CVS appeared,
with the other major trials starting in 1985. One
remarkable aspect of the Canadian trial was that
CVS was only available to women who participated

in the study. One of the factors that may have
contributed to this achievement was that the trial
was begun so soon after the first CVS references
began to appear in the clinical literature, when it
could be argued that there would still have been
much uncertainty over issues such as safety, efficacy
and diagnostic accuracy. Conversely, the later start-
ing date of the Danish trial may have contributed 
to the difficulty of recruiting patients for random-
isation, with CVS also being available at centres in
Denmark other than those participating in the trial.

Most of the data on conferences featuring CVS were
obtained from the Index of Scientific and Technical
Proceedings. Although it is a representative rather
than exhaustive list, it nevertheless provides a useful
indication of the numbers of conferences taking
place over this period, at which papers on CVS
would have been delivered, the technique discussed
and information exchanged. Figure 4 shows one
conference in 1983, four in 1984, six in 1985, with
the numbers from 1986 to 1992 varying from three
to five conferences annually.

It appears from Figure 4 that, as appeared to be 
the case with laparoscopic cholecystectomy, there
was a rather narrow window of opportunity when it
was possible to initiate an RCT of a new procedure.
This window would appear to have been relatively
brief (arguably less than 2 years in duration),
beginning when papers on the new procedure first
started to appear. By the end of this period, cover-
age of the topic in the clinical literature and the
wider media might have come to influence both
clinicians’ and patients’ views, to have reduced
perceived uncertainty about the new procedure,
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FIGURE 3  Laparoscopic cholecystectomy – publication trends (–◆–, Medline; –■–, Promt; –▲–, Compendex)
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and to have made it increasingly difficult to initiate
an RCT.

The publication trends for CVS in the medical,
popular and technical literature (as represented by
Medline, Promt, and Compendex, respectively) are
shown in Figure 5. As with laparoscopic cholecystec-
tomy, the largest number of references occur in the
medical literature, with little mention of it in the
technical literature. Although the first reports of
CVS appeared in the medical and popular liter-
ature in 1983, it did not feature in the popular liter-
ature again until 1986, which saw the first peak for
reports of the procedure in the medical literature.
This might suggest that the increasing coverage 
in the medical literature led to renewed interest 
in the popular literature, rather than vice versa.
The absolute number of references in the popular
literature was very small but the results of searching
the Promt database may be less reliable than those
obtained from Medline.

Laparoscopic cholecystectomy and CVS have been
described as the more stable and well-evaluated
applications. The genetic and telemedicine tech-
nologies are representative of newer, faster-changing
applications. The publication trends for gene
therapy for cystic fibrosis in the medical, popular 
and technical literature (Medline, Promt and Com-
pendex, respectively) are shown in Figure 6. The first
references to gene therapy for cystic fibrosis

appeared in the medical literature in 1990, increas-
ing steadily from 1992 onwards. Despite this steadily
upward trend, however, the overall number of refer-
ences was relatively small, at less than 80 for 1995.

Unlike laparoscopic cholecystectomy and CVS, 
the publication trend for popular reports relating
to gene therapy for cystic fibrosis based on Promt
was not dwarfed by that of the medical literature.
Reports in the popular press seem to have appear-
ed in 1984–85, while the first report retrieved by
the Medline search appeared in 1987. In addition,
the numbers of publications in the popular liter-
ature were greater than in the medical literature
for 1991–94, especially in 1992. It was not until
1995 that the numbers of references in the medical
literature exceeded those in the popular literature,
although there were more references in the med-
ical literature overall. As with the previous appli-
cations, references from the technical literature 
(as represented by the Engineering Index), were
negligible. The absolute number of references in
the popular literature was much higher than for
laparoscopic cholecystectomy or CVS.

Why is gene therapy so newsworthy? Perhaps 
partly because genetic technology is perceived as
pushing back the frontiers of science, and because
it raises important ethical and social issues for the
population as a whole? The influence of media
coverage on clinicians and patients might have led
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FIGURE 4  CVS – publication trends, conferences, major trials ( , CVS references; , CVS conferences; –●–, Lippman et al, 1988;
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to difficulties in initiating RCTs but for the fact that
its development was tightly centrally controlled, in
contrast with the development of laparoscopic
cholecystectomy. This is discussed further in the
chapters reviewing these applications.

The publication trends for genetic screening 
for breast cancer in the medical (Medline) and
popular (Promt) literature are shown in Figure 7.

(No references were retrieved by the Compendex
search.) The Medline search strategy retrieved 
one early reference to the subject in 1978 (Purtillo
et al, 1978), which discussed the basic genetic
mechanisms responsible for tumour formation.
Other than this, references first began to appear 
in 1990 and rose steadily, apart from a dip in 1993.
Total annual numbers of references in the medical
literature were still low relative to gene therapy,
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however, with the figure for 1995 standing at 26 (as
at October 1996). Popular reports first appeared in
Promt in 1992; there was a gap in 1993, then more
reports in 1994, although the numbers were also
very small. (This may be at least partly because 
the search on Promt was for material specifically
relating to genetic screening for breast cancer,
rather than to genetic screening in general.)

The publication patterns of teleradiology 
(Figure 8) contrast with those of the earlier appli-
cations. In the medical literature, the first reports
appeared as early as 1972 but numbers of refer-
ences remained relatively low up to about 1990,
with a generally increasing trend from then
onwards, culminating in a major increase for 
1995 (although at 43 references the number 
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was still relatively low compared with the stable
applications). This variable pattern reflected the
cyclical development of telemedicine in general, 
in that roughly once every decade advances in the
generic technology would generate new activity,
which subsided when funding ran out and projects
could not be sustained. The upward trend from
1990 reflects the current resurgence of interest in
telemedicine as a result of further technological
advances combined with greatly reduced costs in
infrastructure developments and, hence, the
generally higher feasibility for cost-effective 
use in healthcare applications.

The popular literature on teleradiology, as with
gene therapy, displays a higher profile relative to
the medical literature than was the case for either
laparoscopic cholecystectomy or CVS. Here the
newsworthiness of the topic may relate to the
general interest in technological advances which
have the potential to change the pattern of health-
care delivery radically. It may also reflect interest in
the breadth of applications of telecommunications
technology rather than specifically medical appli-
cations, or may reflect the coverage of the 
Promt database.

Unlike any of the other applications, the number 
of publications in the technical literature for tele-
radiology is relatively high. This may be because
advanced telecommunications equipment is central
to the operation of teleradiology and the tech-
nology was developed outside of the health sector

and introduced through a process of technology
transfer. Alternatively, it may again reflect a bias in
the coverage of the database, Compendex.

All three types of literature display a somewhat
similar pattern of publication from about 1989
onwards, with initial increases being followed 
by dips, and then further increases.

The publication trends for teledermatology 
(shown in Figure 9) show the fewest references 
of all the applications, with the Medline search
retrieving one reference in 1992, two each in 1993
and 1994, and four in 1995. No references were
retrieved from the popular or technical literature
searches. This suggests that teledermatology is a
much more recent development than, for example,
teleradiology, with a much lower level of activity.
Alternatively, the current level of teledermatology 
research and diffusion may not be adequately
reflected in the clinical literature covered by Med-
line or Embase. The Telemedicine Information
Exchange on the World Wide Web does carry a
significant number of references to telederma-
tology. This could be because its main use is in 
the primary care sector where there is less focus 
on publication in mainstream journals.

Citation analysis
In addition to the analysis of publication trends, 
the possibility of using the citation rates for key
publications was also investigated on the basis that
this too might be related to the rate of diffusion of
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FIGURE 9  Teledermatology – publication trends (–◆–, Medline)
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medical applications. It might also be possible to
identify the key points at which evaluation might 
be instigated.

Information derived from the Science Citation
Index is presented in Figure 10 on the citation 
of papers published by Cuschieri (including 
papers of which he was co-author), a leading
proponent of laparoscopic cholecystectomy and
responsible for the first such operation in the 
UK on humans in 1989. The x axis shows each
paper published with Cuschieri as an author for 
the period 1982–95 that has been cited by other
authors. The y axis shows the number of times 
each paper has been cited in total. The papers 
are not necessarily restricted to the subject of
laparoscopic cholecystectomy.

Assuming that rates of citation in the literature 
for a given application may be in some way related
to the diffusion of that application, it appears that
the paper published in 1991, cited nearly 300 times,
might be a key paper in the literature on laparo-
scopic cholecystectomy. This journal article by
Cuschieri and colleagues reported a retrospective
survey of a number of evaluations made at Euro-
pean centres where laparoscopic cholecystectomy
had been performed and was a review rather 
than a report of primary research. Thus, it seems
inappropriate to interpret the large number of
citations of this paper as providing an indicator for
initiating an evaluation of the procedure. Indeed,

even in 1991, it was being argued that it was no
longer possible to undertake an RCT comparing
laparoscopic and open cholecystectomy because 
of ethical constraints (Neugebauer et al, 1991).

Discussion

These bibliometric approaches yielded interesting
and suggestive results, although no specific ‘critical
points’ were identified that might have been used
as indicators to trigger first evaluation of a health
technology. Certain applications, such as tele-
dermatology, have as yet a very limited literature, so
that the information conveyed by their publication
trends may not be particularly meaningful.

In the case of laparoscopic cholecystectomy and
CVS it appears that the window of opportunity for
starting an RCT occurred during the time of the
initial rapid rise in citation numbers. From the
limited evidence presented here this period seem-
ed to extend from the time that the first paper
appeared in the clinical literature until 2 or 3 years
later. In the case of laparoscopic cholecystectomy,
the papers reviewed in chapter 4 indicate that the
initiation of trials was delayed beyond that point,
and that full randomisation was no longer possible
by the time they started. Trials of CVS were started
promptly and completed before the adopting
group had widened. This is evidenced by the much
later growth of publication about CVS relative to
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FIGURE 10  Science Citation Index – papers by Cuschieri (and others)
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the initiation of trials. However, it would be neces-
sary to plot the trends of a large number of stable
applications in order to confirm whether this
‘critical point’ was generally applicable. The rather
different adoption histories of the now widely used
laparoscopic cholecystectomy and CVS (which,
after positive results in trials, was shown to have
rare, serious side-effects that have limited its use 
to women at high risk of carrying a foetus with a
chromosomal abnormality) must also be borne in
mind. They are discussed further in the reviews 
of these applications.

A number of limitations to the bibliometric
approach are also acknowledged. The data obtain-
ed were of a representative rather than an exhaus-
tive nature and dependent on the search strategies
used and the holdings and scope of the selected
databases. The case of teledermatology, where
more references were retrieved from a specialist
database rather than from Medline, indicated 

that some applications might be covered in a
different subset of the technical literature than
those covered by the databases used. As the analysis
was based on volume of publications, some docu-
ments which were irrelevant might have been
retrieved by the search strategy. Also, publication
occurs at varying lengths of time after the start 
of a study – and it is the starting point which is of
greatest importance for timing. Finally, volume of
publications and citation patterns by themselves
might not provide an adequate reflection of the
numerous factors that contribute to the diffusion 
of a new medical application.

Although the basis of selection used in the current
study did not yield conclusive results, it would be
worth extending this approach to identify better
selection criteria and, perhaps, a wider range of
literature to search. By this means it might be
possible to create a useful if fairly crude tool to
assist in prospective identification of key points.
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Summary
The purpose of this systematic review was to
investigate when and how evaluations of laparo-
scopic cholecystectomy have been undertaken 
and to clarify the factors influencing the timing 
of those evaluations.

Laparoscopic cholecystectomy is a form of minimal
access surgery (MAS) which has diffused rapidly
into routine clinical practice. Factors influencing
the rate of diffusion included technological ‘push’
from manufacturers of the instrumentation, and
the ‘pull’ of demand, both from health profes-
sionals and patients, and in the early stages there
was no requirement for surgeons to undergo
specialised training before adopting the procedure.
The technique has now been widely adopted, to the
extent that the rate of publication of evaluations of
the procedure has peaked and is now declining.
The diffusion of laparoscopic cholecystectomy was
not preceded by adequate evaluation of the tech-
nique. Many of the assessments in the literature are
uncontrolled descriptive studies. There has been
no large-scale RCT of laparoscopic versus open
cholecystectomy; a few small RCTs have been
undertaken and there have been a similar number
of RCTs of laparoscopic versus mini-cholecystec-
tomy. The observational studies and RCTs of
laparoscopic versus open cholecystectomy generally
reported a longer operation time, a shorter hosp-
ital stay, less postoperative pain, a faster return to
normal activity and a much smaller scar. The most
serious complication was an increased risk of injury
to the bile duct, with a range of 0–4% in the RCTs
and 0.6–1.8% in cohort studies and case series
(Downs et al, 1996). Early RCTs of laparoscopic
versus mini-cholecystectomy  found in favour of
laparoscopic cholecystectomy, although later RCTs
concluded that it offered no clear advantage.

Few RCTs included any economic analysis. Those
economic studies which have been undertaken
suggest that laparoscopic is less costly than open
but more costly than mini-cholecystectomy. The
situation is complicated by the fact that costs seem

to vary depending on the site and do not take into
account the changing pattern of demand since the
introduction of laparoscopic cholecystectomy.

The timing of evaluation of a new health tech-
nology is critical. There is a window of opportunity
when it is possible to conduct a randomised trial,
after which it becomes much more difficult owing
to diffusion of the technology. In retrospect it is
clear that systematic evaluation of laparoscopic
cholecystectomy should have started from the
earliest stages of its introduction but this did not
happen. One reason for this was that there was no
consensus to withhold new techniques until they
were properly evaluated, neither was there cen-
tralised control to prevent diffusion of unevaluated
techniques. Favourable clinical audit during the
‘learning curve’ period resulted in ethical objec-
tions to conducting an RCT, while the exact role of
the RCT in the evaluation process was debated. In
addition, media reports fuelled initial demands for
the new treatment. Ironically, these also eventually
highlighted complications resulting from surgeons
adopting it without adequate training.

Background

Traditional surgical procedures involving internal
organs consist of the three main stages of cutting
the patient open, removing or repairing an organ
or tissue, and closing the patient up again (ACOST,
1993). MAS reduces the impact of the first and last
of these stages as far as possible, either by gaining
access to the body through natural orifices or by
operating through very small incisions (Border,
1995). Laparoscopic surgery is a form of MAS
involving operations carried out through incisions
made in the abdominal wall.

The basic technology required for such operations
is described by Border (1995); it comprises imag-
ing, surgical and other medical equipment, as well
as access to back-up facilities. The vast majority 
of MAS techniques rely on video images, which
provide high-quality, magnified colour pictures 
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and are displayed on two or more high-resolution
TV monitors to ensure that all members of the
operating team can see what is happening. The
development of fibre-optic light sources, miniature
video cameras and specially designed surgical tools
has allowed increasingly complex surgery to be
performed, with the surgeon guided by high-
resolution, magnified, video images. This contrasts
with the use of conventional surgical instruments
guided by the surgeon with a direct view of the
instruments and the body parts.

Cholecystectomy (removal of the gallbladder) 
is a long-accepted method of treating patients 
with symptomatic gallstones. Open cholecystec-
tomy was first performed by Langenbuch in 1882
(Macintyre & Wilson, 1993). Downs and colleagues
(1996) describe the three current approaches to
cholecystectomy. In open or traditional chole-
cystectomy a 10–15 cm incision is made, in mini-
cholecystectomy an incision of 5–7 cm is made,
while in laparoscopic cholecystectomy three or 
four incisions, varying from 0.5–1 cm are made to
provide access for the laparoscopic and surgical
equipment and an opening through which the
gallbladder is removed.

Traditional cholecystectomy had established the
clinical effectiveness of removal of the gallbladder
for symptomatic gallstones. What required evalu-
ation, therefore, was the safety, efficacy, effective-
ness and cost-effectiveness of the new technique
compared with those of the traditional technique.
Would surgeons be able to perform the same inter-
nal surgery successfully using different, remote-
controlled tools, and utilising remote rather than
direct visual information, as compared with the
established open technique? How would the new
procedure affect operation time, postoperative 
pain, length of hospital stay and recovery time? 
How acceptable would the procedure be to patients?
What would be the costs, and the implications for
training and for the wider hospital environment?
These were some of the questions that should be
answered through evaluation of the new procedure.
This review aims to clarify the factors that influenced
when questions such as these were addressed, and
the methods used to address them.

Objectives

The objectives of the review were to identify 
when and how evaluations of laparoscopic
cholecystectomy had been undertaken and to
clarify the factors which influenced the timing 
of those evaluations.

Search strategy
The databases, Medline and Embase, were searched
for papers on laparoscopic cholecystectomy, using
this as the primary search term; the search period
was from 1989, when the first laparoscopic chole-
cystectomy was performed, until September 1996.
The database searches were supplemented by other
means, including contact with experts in the field,
hand-searching reference lists of key articles, and
monitoring the contents of a small number of
medical journals in 1996. (See Appendix 1 for
more details of the search strategy.)

Studies included

Development and diffusion
Many medical applications involving the use of
technological equipment only become feasible
when the technology has been sufficiently devel-
oped to allow its application within the field of
medicine. Such development often occurs outside
the health sector and the new medical technology
is introduced through a process of technology
transfer. Szczepura and Kankaanpaa (1996) noted
that laparoscopes were available in the 1960s but
that the imaging systems and instrumentation 
were not of a sufficient quality to allow their use in
therapeutic interventions. The refinement of high-
resolution video cameras and the development of
appropriate instruments eventually made their
adoption for medical applications possible.

The French surgeon Mouret is generally credited
with having performed the first laparoscopic chole-
cystectomy on humans in 1987 (Cuschieri et al,
1991). By the following year several groups were
independently developing the technique: Dubois
and colleagues in Paris; Perissat and colleagues 
in Bordeaux; Reddick and Olsen in Tennessee;
McKernan in Georgia (Perissat, 1993). In 1989,
Cuschieri and co-workers in Dundee performed 
the first laparoscopic cholecystectomy in the UK
(Macintyre & Wilson, 1993). There followed a
rapid, uncontrolled expansion of the procedure,
described as ‘...the biggest unaudited free-for-all in
the history of surgery’ (Cuschieri, 1995). Table 3
shows when the procedure was first introduced 
in a number of Western countries. Banta (1993)
argued that surgeons adopted laparoscopic chole-
cystectomy under pressure from patients without
knowing a great deal about its benefits and risks.

By 1992 laparoscopic cholecystectomy was fast
becoming the procedure of choice in patients with
symptomatic gallbladder disease (Zucker et al,
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1992). By 1995 it was estimated that this 
approach to cholecystectomy accounted for
between 70% and 85% of such operations 
in the UK (Border, 1995).

A number of factors appear to be associated with
the procedure’s rapid diffusion. According to
Macintyre and Wilson (1993), its popularity could
be attributed largely to perceived benefits for the
patient but there were also advantages for society,
since less time off work was needed following the
procedure (Macintyre & Wilson, 1993).

Sculpher (1993) argued that one key characteristic
of laparoscopic cholecystectomy was the extent to
which it had diffused widely as a result of perceived
short-term benefits. He noted, however, that there
had been little consideration of longer-term out-
comes. The rapid adoption was also strongly influ-
enced by a powerful combination of technological
‘push’ and the ‘pull’ of demand, according to
Gelijns and Fendrick (1993), who described a
variety of factors that influenced the widespread
adoption of the procedure in the USA. These
included provider competition, rapid regulatory
approval of equipment, payers support of the new
technique because it promised cost savings, and
high patient demand because it promised to be 
less painful, to cause minimal scarring and to 
allow an earlier return to active life.

Gelijns and Fendrick (1993) pointed out that the
diffusion of the technique in Europe occurred at
only half the rate in the USA. They suggested a
number of factors that might have contributed to

this, including differences in payment mechanisms.
Banta (1993) also argued that the payment system
was one of the most important factors in the dif-
fusion of innovations such as laparoscopic chole-
cystectomy in European healthcare systems, in
which many countries used budgeting systems
aimed at limiting hospital expenditure. In the 
USA, payers such as Medicare were supportive of
the new technique because it promised significant
savings and American hospitals were reimbursed by
Medicare at rates equal to those for conventional
cholecystectomy (Gelijns & Fendrick, 1993). These
authors also pointed out that European endoscope
manufacturers, such as Storz and Wolf, were unable
to meet European demands since they were initially
focusing on the US market. In addition, European
restrictions on the use of animals for training
purposes might increase the time needed for a
surgeon to achieve adequate clinical competence.

Pearson (1994) considered that laparoscopic
cholecystectomy had been rapidly introduced with-
out proper evaluation by an RCT of laparoscopic
versus conventional cholecystectomy. RCTs of
laparoscopic versus mini-cholecystectomy had 
been performed and had shown reduced length 
of stay, shorter convalescence and fewer compli-
cations for the laparoscopic technique. Improved
cost-effectiveness of the technique over the con-
ventional operation appeared likely because of 
the reduced length of stay but this had not been
demonstrated unequivocally (Pearson, 1994).

According to Cuschieri (1995), the overriding
reason for the unaudited expansion of MAS follow-
ing the advent of laparoscopic cholecystectomy was
the lack of effective central control in Western
countries; many interventions in current practice
had never been adequately evaluated.

By 1994, a Working Group on the implications of
MAS for the NHS, commissioned by the Scottish
Office Home and Health Department and the
Department of Health, was forecasting that MAS
would account for 70% of surgical procedures
within 10 years (Cuschieri, 1994). According to
Border (1995), even conservative estimates sug-
gested that MAS approaches would account for
40% of all operations by the year 2000.

Potential benefits of MAS
The Working Group on the implications for the
NHS of MAS stated that the confirmed benefits 
of MAS were reduced postoperative pain and 
ileus, accelerated recovery, lower incidence of 
postoperative respiratory complications, shorter
hospital stay, early return to full activity or work,

TABLE 3  Introduction of laparoscopic cholecystectomy in
Western countries

Year of introduction Country

1987 France

1988 USA

1989 Germany

1989 UK

1990 Australia

1990 Canada

1990 The Netherlands

1990 Sweden

1991 Denmark

Source: Banta (1993)
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and significant reductions in both early and late
wound-related complications. They considered that
other benefits were merely perceived and required
confirmation; these included less immuno-
suppression, and a decreased risk of adhesion
formation and recurrent intestinal obstruction
following surgical intervention (Cuschieri, 1994).

The likelihood that MAS procedures would allow
patients to return to their usual activities faster than
would be the case with conventional surgery has
been a particularly strong ‘selling-point’ for the
technology (Sculpher, 1993). A number of clinical
papers on laparoscopic cholecystectomy (Reddick
& Olsen, 1989; Barkun et al, 1992; Stoker et al,
1992) had focused much greater attention on the
duration of convalescence than would normally be
the case in clinical journals (Sculpher, 1993).

Potential disadvantages of MAS
Pearson (1994) lists the potential disadvantages of
MAS as decreased quality of surgery, increased costs
(of the operation), and the undertaking of oper-
ations unnecessarily. Cuschieri (1995) noted that
endoscopic surgery took longer and required more
operating room time and facilities than conven-
tional surgery. Further, its execution depended on
novel technologies, which introduced a new vari-
able in addition to traditional surgical skill. In his
opinion, surgical performance during this type 
of surgery declined after about 4 hours. Another
potential disadvantage of the new procedures 
was an enhanced risk of iatrogenic complications,
directly via surgical complications and indirectly
because of limited access; for example, following
laparoscopic procedures for cancer, instances had
been documented of tumour deposits in the access
wounds for the operation (Cuschieri, 1995).

Sculpher (1993) drew attention to uncertainty
about potential longer-term disadvantages of MAS
caused by clinicians being unaware of outcomes,
either because patients were not followed-up for
long enough or because follow-up was not under-
taken systematically. He queried whether patients
were fully aware of the risks and uncertainties
associated with longer-term outcomes when they
agreed to undergo MAS procedures. Such proce-
dures might involve fundamental changes to estab-
lished surgical techniques, resulting in a complete
redesign to cater for the MAS approach and the
possibility of unforeseen adverse long-term
outcomes (Border, 1995).

In addition to the trade-offs faced by 
patients when deciding whether to choose 
MAS or conventional surgery, there were 

other trade-offs to consider, such as that associated
with the choice between MAS and non-surgical
treatment (Sculpher, 1993). Non-surgical treat-
ments include oral dissolution therapy, extra-
corporeal shock wave lithotripsy and percutaneous
approaches, although all of these are generally
regarded as less effective than cholecystectomy
(Macintyre & Wilson, 1993).

A potential disadvantage was that, in all large
reported series of laparoscopic cholecystectomy,
the operation could not be completed laparo-
scopically in a proportion of patients and had to be
converted to the open procedure; in emergencies,
the rate tended to be higher (Macintyre & Wilson,
1993). These authors argued that surgeons could,
however, ultimately expect to achieve a conversion
rate of 2% or less.

Injury to the bile duct, resulting in a need for
reconstruction, was the most serious complication
associated with laparoscopic cholecystectomy, and
one which commonly went unnoticed during the
operation (Macintyre & Wilson, 1993). This major
complication alone emphasised the need for
adequate training and evaluation. Unrecognised
injuries such as this carried high rates of morbidity
and mortality, presumably because the early post-
operative discharge caused a delay in presentation
and diagnosis of the complication (Macintyre &
Wilson, 1993).

Evaluation of laparoscopic
cholecystectomy
Much of the literature on the evaluation of MAS
procedures in general, including laparoscopic
cholecystectomy, consists of observational studies
(see Table 4). Three types of observational study
used widely in the evaluation of healthcare tech-
nologies are case series, cohort studies and case–
control studies. These study designs are subject to
various biases, which can undermine the quality 
of their findings, but they can usefully establish 
the potential effectiveness of a new technology 
and create a climate in which an RCT is seen as
necessary in order to provide a definitive answer.
Black (1996) argued that observational studies 
and RCTs should be viewed as complementary
rather than competing methods of evaluation. 
In the case of MAS, Sculpher (1993) noted that 
the need for rapid generation of results to influ-
ence clinical practice before widespread diffusion,
the need for long-term follow-up and the potential
difficulties in recruiting patients might mean that
observational studies would be needed to supple-
ment RCTs. It could be argued that this would be
all that was possible.
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Laparoscopic cholecystectomy has now been widely
adopted and, although doubts have been expressed
about the adequacy of the evaluations, the proce-
dure has become established to the extent that the
annual rate of publication in the medical literature
relating to it has peaked and is now declining (see
Figure 11, the data for which were obtained from 
a Medline search in June 1996, using the term
‘laparoscopic cholecystectomy’ in a combined
MeSH and textword search).

Observational studies
Writing in 1994, 5 years after the first reported
laparoscopic cholecystectomy, Pearson noted that
the procedure had been assessed on the basis of a
large number of prospective case studies but no
RCT comparing laparoscopic with open cholecys-
tectomy had been performed, so most claims of
benefit were based on uncontrolled descriptive
studies. Some of those benefits, such as reduced
length of hospitalisation, shorter period of con-
valescence and fewer complications were, to some
degree, supported by the results of RCTs of laparo-
scopic versus mini-cholecystectomy (Kunz et al,
1992; Barkun et al, 1992). However, it was no more
than an informed guess that the same benefits
applied when laparoscopic was compared with
conventional cholecystectomy (Pearson, 1994). 
The results of the RCTs of laparoscopic versus 
mini-cholecystectomy are discussed below.

The early descriptive studies of laparoscopic
cholecystectomy were summarised in a review 
by Macintyre and Wilson (1993); details of some 
of the larger studies are given in Table 5. Of the 
28 studies, 22 were published in 1991 and six in
1992. The conclusions reached were that laparo-
scopic cholecystectomy had become the treatment
of choice for patients presenting with gallbladder
stones and patients could anticipate a hospital 
stay after their operation of less than 2 days. The
incidence of bile-duct damage was higher than
reported in case series of conventional

TABLE 4  Laparoscopic cholecystectomy research categorised 
by study design

Study design Number of studies
1987–March 1995 

inclusive

RCT (experimental) 15

Non-randomised clinical trial 21

Retrospective cohort 19
(observational and analytical)

Cohort with non-parallel comparison 21
groups (observational and analytical)

Case–control study 0
(observational and analytical)

Case series (of more than 100 cases) 124
(observational and descriptive)

Source: Downs et al, 1996
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FIGURE 11  Medline references – laparoscopic cholecystectomy 1989–1995
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cholecystectomy. This was the major reported
complication and remained a source of anxiety,
although its occurrence could be reduced by 
good technique and appropriate training
(Macintyre & Wilson, 1993).

Lack of a large-scale RCT of
laparoscopic versus open
cholecystectomy
The RCT is generally held to be by far the 
most satisfactory method of clinical assessment in
most circumstances. Randomly allocating patients
between treatments minimises selection bias by
balancing not just known prognostic factors but
also unrecognised and unmeasurable factors
(Department of Health, 1992). Systematic errors
can be avoided by ensuring that random alloc-
ation is followed by an unbiased statistical analysis 
that includes all those who were randomised. If
randomisation is not used, the effects of moderate
biases can either obscure moderate but worthwhile
effects, or give an impression of benefits when 
they do not exist (Department of Health, 1992).

In 1989, before widespread diffusion, Cuschieri
stated that prospective RCTs were needed to 
define the indications for the laparoscopic
approach and to confirm its benefits against the
standard cholecystectomy, which would still be
needed in a proportion of patients. McMahon 
and colleagues (1992) reported on a survey of
surgeons and research ethics committees under-
taken in 1992 on the necessity and ethics of an 
RCT to compare laparoscopic with open chole-
cystectomy. This showed wide support for a trial
comparing the techniques, although respondents
with more experience in laparoscopic cholecystec-
tomy were less convinced of the need for a trial.
However, the rapidly increasing demand by
professionals and patients for a less invasive 
way to remove gallstones led to laparoscopic
cholecystectomy being adopted by surgeons 
before an RCT was carried out (Gelijns & 
Fendrick, 1993). This demand for the new 
method, and the accompanying resistance to 
using the old, was seen as one of the major
problems in evaluating the procedure 
(Pearson, 1994).

Downs and colleagues (1996) identified ten small
RCTs of laparoscopic and open cholecystectomy
(see Table 6 for patient numbers), one of which
(Coelho et al, 1993) compared laparoscopic with
both open and mini-cholecystectomy. General
findings in respect of the laparoscopic procedure
included longer operation time, less postoperative
pain and a shorter postoperative hospital stay.

TABLE 5  Selected observational studies – year of publication and
patient numbers

Study Year Patient 
published numbers

1. Bailey et al 1991 375

2. Berci & Sackier 1991 418

3. Cuschieri et al 1991 1236

4. Dubois et al 1991 690

5. Ferzli & Kloss 1991 111

6. Goodman & Hunter 1991 100

7. Grace et al 1991 100

8. Graves et al 1991 304

9. McKernan 1991 50

10. Neugebauer et al 1991 100

11. Nottle et al 1991 50

12. Perissat et al 1991 104

13. Peters et al 1991 100

14. Schirmer et al 1991 152

15. Southern Surgeons 
Club 1991 1518

16. Spaw et al 1991 500

17. Voyles et al 1991 453

18. Walsh 1991 55

19. Western General 
Hospital, Edinburgh 1991 400

20. Wilson et al 1991 180

21. Wolfe et al 1991 381

22. Zucker et al 1991 100

23. Davis et al 1992 622

24. Graffis 1992 900

25. Larson et al 1992 1983

26. Martin et al 1992 162

27. Soper et al 1992 618

28. Stoker et al 1992 280

Source: Macintyre & Wilson (1993)
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RCTs of laparoscopic versus 
mini-cholecystectomy
Details of RCTs of laparoscopic versus mini-
cholecystectomy, including patient numbers, 
are presented in Table 7.

The results of early trials were very favourable
towards laparoscopic cholecystectomy. (Kunz et al,
1992; Barkun et al, 1992; McMahon et al, 1994a;b).
One trial (Kunz et al, 1992), from October 1990 to
October 1991, showed that the advantages included
less postoperative pain, less restriction of total vital
capacity, and a shorter postoperative hospital stay.
Another trial (Barkun et al, 1992), from September
1990 to September 1991, also suggested that laparo-
scopic cholecystectomy was preferable, since it
reduced the length of hospital stay, the duration 
of convalescence and the number of complications.
McMahon and colleagues (1994a;b), reporting a
trial covering August 1991–March 1993, found a
more rapid return to work, better physical and
social functioning, and less pain and depression
after the laparoscopic procedure. These differences
became smaller over time, however, and by 3
months postoperatively there were no differences,
except that the laparoscopy patients were more
satisfied with the appearance of their scars.

McMahon and colleagues (1995) followed-up 
their patients with a symptoms questionnaire a year
after they had taken part in the original trial. They
found that overall, the laparoscopic method did
not have any clear symptomatic advantage over

mini-cholecystectomy, the only difference being
that significantly fewer laparoscopy patients
reported heartburn.

The results of two more recently published 
RCTs comparing laparoscopic with mini-
cholecystectomy have been less favourable 
toward laparoscopic cholecystectomy. McGinn 
and colleagues (1995), in a trial covering June
1991–April 1995, reported a longer operating 
time, a greater conversion rate and a greater
complication rate for the laparoscopic proce-
dure but a quicker return to normal activities; 
they concluded that no clear advantage for 
either operation had been demonstrated. 
McGinn and colleagues considered that new
techniques and operations, like new drugs, ought
to be evaluated by proper RCTs, despite claims
when this trial was initiated, that it was neither
practical nor ethically possible.

Majeed and colleagues (1996), in a trial covering
January 1992–June 1995, found that the laparo-
scopic procedure took longer, with no significant
advantage in terms of hospital stay or postoperative
recovery. One reason why these findings are less
favourable may lie in the trial design. Patients and
carers were successfully blinded in the immediate
postoperative period: identical wound dressings
were applied; great care was taken to relieve pain;
patients themselves determined the time of dis-
charge; no advice was issued on the time needed
for convalescence (Terpstra, 1996).

TABLE 6  RCTs comparing laparoscopic with open
cholecystectomy

Study Patient 
numbers

1. Putensen-Himmer et al, 1992 20

2. Agnifili et al, 1993 50

3. Coelho et al, 1993 45

4. Garcia-Caballero & Vara-Thorbeck, 1993 100 

5. Jan & Chen, 1993 101

6. McMahon et al, 1993a 63

7. Schauer et al, 1993 40

8. Trondsen et al, 1993 72

9. Berggren et al, 1994 30 

10. Byrne et al, 1994 32

Source: Downs et al, 1996

TABLE 7  RCTs of laparoscopic versus mini-cholecystectomy

Study Patient 
numbers

1. Barkun et al, 1992 70

2. Kunz et al, 1992 77

3. Coelho et al, 1993 45

4. McMahon et al, 1993b 20

5. Tate et al, 1993 22

6. McMahon et al, 1994a 299

7. McMahon et al, 1994b 133

8. McGinn et al, 1995 300

9. McMahon et al, 1995 299

10. Peacock et al, 1995 60

11. Majeed et al, 1996 193

Source: Downs et al, 1996



Systematic review of diffusion and evaluation of laparoscopic cholecystectomy, focusing on factors influencing timing

38

Downs and colleagues (1996), in a systematic
review of the effectiveness and safety of laparo-
scopic cholecystectomy, identified 11 reports of
RCTs (some of which referred to the same trial)
comparing laparoscopic and mini- or open
cholecystectomy, including one that compared
laparoscopic with mini- and open cholecystectomy.
Of these 11 reports, two were published in 1992,
three in 1993, two in 1994, three in 1995, and one
in 1996. On the basis of this, Downs and colleagues
(1996) made the following recommendations.

1. Surgeons should not be encouraged to replace
mini-cholecystectomy with laparoscopic.

2. A valid system for classifying and grading
complications by their severity should 
be promoted.

3. A study is required with standardised data
collection, long and defined follow-up and 
high external validity (all operations on a
geographically defined population) to:
(a) compare complication rates (particularly

long-term complications such as biliary
stricture) between open, mini- and
laparoscopic cholecystectomy

(b) assess the impact of surgeons’ training,
overall experience, and the frequency 
with which they undertake mini-, open 
and laparoscopic cholecystectomy, on
postoperative outcome

(c) assess the effectiveness of cholecystectomy
as a treatment for abdominal pain,
including the frequency of symptom
recurrence, quality of life and 
patient satisfaction.

Barriers to adequate evaluation of
laparoscopic cholecystectomy
The evaluation of laparoscopic cholecystectomy
posed several quite diverse major problems, some
of which apply to MAS in general. They include
varying skill levels, rapid technological change,
patient preferences, effective blinding, long-term
costs and ethical questions.

Varying skills
There were difficulties associated with varying 
levels of surgical skill. For example, a shortfall 
of skill in those at an early point on the learning
curve might result in poor performance by oper-
ators. Sculpher (1993) drew attention to some of
the implications of the learning curve for the use 
of RCTs. One was that it was likely that RCTs would
be undertaken by clinical enthusiasts with high
levels of skill who were often based in medical
schools. If the clinicians who conducted the trial
were not representative of the practitioners who

would undertake the procedure following its
diffusion, then the generalisability of the RCT
might be questionable. The problem might be
overcome, however, by undertaking the trial at 
a number of centres that were more generally
representative of clinical practice (Sculpher, 1993).

Rapid technological change
Another rather different problem was the 
potential speed of change of MAS technologies,
which was partly a function of the parallel
development of similar technology in non-
medical applications. A feature of the ‘assessment’
part of HTA, as defined by the NHS Executive
(1996), was that the health technology should 
be reasonably stable and be able to be compared
with competing health technologies and/or no
intervention. The value of the results of an RCT
would be diminished if, midway through a study,
the clinicians considered that the procedure 
should be altered to reflect new and important
developments (Sculpher, 1993).

Patient preferences
Yet another difficulty encountered when RCTs 
were used to evaluate MAS procedures was patient
recruitment. Given the apparent reduction in
trauma and length of convalescence associated 
with laparoscopic procedures, Sculpher found it
difficult to persuade patients to enter a clinical trial
where they had a 50% chance of being randomised
to the alternative form of therapy. Arguably, this
suggests that patients were not being fully informed
about uncertainties, about possible risks or long-
term problems. Paradoxically, it is in such situations
of patient-led demand, where MAS procedures are
diffusing rapidly, that there is a real need to under-
take RCTs, to clarify the risks and benefits, and to
disseminate their results as quickly as possible
(Sculpher, 1993).

Media reports
There is general agreement that media reports of
the apparent benefits of the laparoscopic method
led to patients becoming aware of the procedure
and requesting it in preference to open cholecystec-
tomy. Banta (1993) argued that the most important
force facilitating the diffusion of MAS, such as
laparoscopic cholecystectomy, was patient demand
which, along with physician interest, was fostered 
by press reporting. White (1993) noted that reports
in the lay press detailed the advantages of a marked
reduction in recovery time and postoperative pain
and a better cosmetic result, and that patient
demand for the procedure soon became over-
whelming. These reports will have emanated 
from those using the operation and suggest that
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surgeons should have been more cautious 
in their claims for it. It is therefore ironic that, 
in addition to reporting the perceived benefits 
of laparoscopic cholecystectomy, the media also
reported instances where complications arose (see,
for example, The Times, 8 December 1992). McGinn
and colleagues (1995) noted that although none 
of their patients refused to enter the trial, during
the first 1–2 years of their RCT it was sometimes
difficult to persuade patients to take part if they had
been referred specifically for a laparoscopic
procedure; however, recently the opposite trend
had been noted following adverse media publicity
about the technique.

Effective blinding
Pearson (1994) pointed out the difficulty of trying
to achieve blinding in any RCT of a MAS procedure
versus the conventional operation: the nature of
the scars would be obvious to both patient and
assessor, and it would be difficult to correct for the
effect of this knowledge. Terpstra (1996) noted that
blinding of patients and carers was successfully
achieved in the RCT comparing laparoscopic and
mini-cholecystectomy undertaken by Majeed and
colleagues (1996). It can be argued, however, that
blinding does not test the operation as it would
actually be used. The sight of a small scar may, for
example, help the patient to recover more quickly,
and this is an alternative explanation for the
different findings in the Majeed trial.

Long-term costs and outcomes
Clearly the long-term implications of MAS proce-
dures also needed to be taken into account when
considering how to evaluate these technologies.
RCTs would need large patient numbers and long
follow-up periods in order to detect important but
rare adverse events. The cost and logistical diffi-
culties involved have generally inhibited such trials
(Sculpher, 1993). McMahon (1995) pointed out
that there are no controlled data comparing the
long-term outcomes of laparoscopic and 
open cholecystectomy.

Ethical questions
As early as 1993, Macintyre and Wilson stated that
the opportunity to conduct a large-scale controlled
trial comparing open and laparoscopic cholecystec-
tomy had now passed and suggested a number of
reasons for this. Simple audit rapidly demonstrated
the shorter hospital stay and reduced time off 
work associated with the laparoscopic procedure.
Surgeons themselves were impressed with patients’
feelings of well-being and relative lack of pain. In
such circumstances, a clinical trial was considered
unethical by most surgeons, despite the lack 

of reliable evidence about rare or longer-
term outcomes.

A large multi-centre group in Germany did
consider mounting a controlled trial (Neuge-
bauer et al, 1991) but decided to postpone it while
surgeons learned to use the new procedure safely
and effectively. The trial never took place, however,
because by the time the first 100 patients had been
operated on it was being argued that the obvious
benefits of the laparoscopic procedure (quicker
recovery, less pain, reduced length of hospital-
isation) placed ethical constraints on undertaking
an RCT.

The ethical dimension of randomisation in relation
to equipoise, where there is no preference between
the treatment options, has been discussed by Lil-
ford and Jackson (1995). The 1994 MRC report
stated that in deciding whether a particular patient
should be entered into an RCT, the clinician and
patient should both be uncertain about the relative
merits of the alternative treatments being offered.

Baxter and O’Dwyer (1992) argued that it was
dangerous, if not unethical, to accept any new
treatment as being significantly better than an
existing one that gives excellent results, without
putting it to the ultimate test of an RCT. McMahon
and colleagues (1992) reported on a survey of 
40 ethics committees who were sent a hypothetical
protocol for a trial comparing laparoscopic with
open cholecystectomy: 25 gave approval, 12 refused
to comment, and only three considered such a trial
unethical. Thus, the balance of opinion in these
committees at that time favoured Baxter and
O’Dwyer’s viewpoint.

The experience of laparoscopic cholecystectomy
suggests that surgeons and their patients should
have remained uncertain about whether to use the
technique for much longer, until reliable evidence
became available.

Economic aspects
Sculpher (1993) argued that two critical economic
issues needed to be formally addressed before 
new technologies diffused widely within the health
service. Assessments were needed to find out how
the costs of new technologies compared with those
of existing ones and to identify what additional
benefits, in terms of patient health outcomes, 
were generated by these new technologies.

Capital and operating costs
Border (1995) stated that MAS might reduce 
costs through shorter hospital stays and periods 
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of convalescence, and by reducing complication
rates and analgesic requirements, while wider
economic benefits might be gained through earlier
return to work. However, longer operating times,
high capital and running costs, and the possibility 
of an increase in both medical complications and
demand for operations might all act to increase
costs. The Working Group on the implications 
of MAS for the NHS estimated the capital costs
involved in setting up an operating theatre for MAS
as roughly £30,000. Recurring costs would be influ-
enced by the level of use of disposable instruments,
setting-up times for MAS operations, operating
times, and length of stay (Cuschieri, 1994).

Macintyre and Wilson (1993) argued that any
economic assessment should also take into account
the benefits to society of an earlier return to work.
They noted that this was a complex area, with the
little published material available providing con-
flicting conclusions, and cited studies by Kurza-
winski and colleagues (1992), Hardy and colleagues
(1992), and Macintyre and colleagues (1992) as
demonstrating lower hospital costs for laparoscopic
than for open cholecystectomy, while a study by
Stoker and colleagues (1992) showed the opposite.
Macintyre and Wilson (1993) maintained that the
resource benefits to the healthcare system as a
whole were difficult to assess and were not confined
to the results of shorter postoperative stays. Shorter
stays should result in reduced bed requirements
and reduced costs for drugs and disposables but
there was the capital cost of instruments and equip-
ment, including depreciation and maintenance.
The use of disposable equipment further increased
costs. There were also costs associated with moving
clinicians up the learning curve, surgeons with less
experienced being more likely to encounter
complications (Macintyre & Wilson, 1993).

According to Pearson (1994), laparoscopic might
be more cost-effective than conventional cholecys-
tectomy but this had yet to be demonstrated. If it
was more cost-effective, it would be mainly because
of the decreased length of hospital stay and
reduced morbidity compared with open and 
mini-cholecystectomy.

Bass and colleagues (1993) estimated the overall
cost-effectiveness of laparoscopic compared with
open cholecystectomy in terms of expected hospital
charges and quality-adjusted months of life over a
5-year period. These estimates were incorporated
into a computer model designed:

• to compare expected short-term and long-term
outcomes of both procedures

• to compare expected direct costs associated 
with each treatment

• to determine how the cost-effectiveness of
laparoscopic relative to open cholecystectomy
varies as a function of patient age and gender.

Bass and colleagues (1993) concluded that
laparoscopic was likely to be less costly and more
effective than open cholecystectomy for most
patients, as long as it did not routinely require pre-
operative cholangiography and was not associated
with increased professional fees or increased risks
of retained stones or bile-duct injury. They quoted
figures for 45-year-old women and men for laparo-
scopic ($5354; $6036) and open cholecystectomy
($5525; $6830) that represented the projected total
average charge after 5 years. One-way and multi-way
sensitivity analyses were performed to assess how
expected charges and survival varied according to
patient age and sex, and with the varying estimates
of the probability, utility, and charge parameters.
The difference in favour of laparoscopic cholecys-
tectomy rose substantially with increasing age for
both women and men (Bass et al, 1993).

Kesteloot and Penninckx (1993) undertook a study
of the costs and effects of open versus laparoscopic
cholecystectomy, based on a consecutive series 
of 47 patients who underwent cholecystectomy
between November 1990 and February 1991 in 
the University Hospital Gasthuisberg in Belgium: 
21 patients underwent laparoscopic cholecystectomy
and 26 underwent the open procedure. The differ-
ence in hospital costs between the two procedures
depended on the operating theatre equipment, 
time spent in the operating theatre, materials used
during the procedure, variations in postoperative 
length of stay, and use of materials during each
postoperative patient day. Kesteloot and Penninckx
concluded that, with more experience, most hosp-
itals could realise cost-savings by switching, as far as
was medically justified, to laparoscopic procedures.

A study by Fullarton (1992) found that laparo-
scopic cholecystectomy at £2053 was cheaper than
open cholecystectomy at £2250, and Kurzawinski
and colleagues (1992) reported figures for the
laparoscopic procedure of £1938 (£2144 if dispos-
able instruments were used) and £2172 for open
cholecystectomy. The Working Group on the impli-
cations for the NHS of MAS quoted figures of
£1206 for laparoscopic cholecystectomy(£1509 if
disposable instruments were used) and £1114 for
mini-cholecystectomy (Cuschieri, 1994).

Few of the RCTs identified contained any economic
analysis. Jan and Chen (1992), in a study involving
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101 patients, found that laparoscopic was more
expensive that open cholecystectomy. McMahon
and colleagues (1994a;b), in a study involving 
302 patients, reported that laparoscopic, at 
£1183 (£1486 if disposable instruments were used), 
was more expensive than mini-cholecystectomy, 
at £1090. Costs at the two main hospitals involved
were used to estimate average theatre and ward
costs. The NHS cost of hospital admission for 
each patient was estimated from recorded time 
in theatre, hospitalisation, and additional tests 
or treatment. The mean total cost per patient was
£396 greater for the laparoscopic method (95%
confidence interval (CI) £328–£465). If dispos-
able instruments had not been used, the differ-
ence in mean costs would have been £93 (95% 
CI £25–£162). Operating time (and therefore
theatre cost) was greater for laparoscopic cholecys-
tectomy, while hospital stay (and therefore ward
cost) was greater for mini-cholecystectomy.

Barkun and colleagues (1995), in their 1991–92
trial, found that laparoscopic at $1908 per patient
was cheaper than mini-cholecystectomy at $2106,
and was associated with improvements in the rate
of postoperative convalescence, confirming the 
cost advantages of the laparoscopic approach in
this setting. The cost analysis was based on data
from 68 patients, and its purpose was to quantify
the total direct costs to the healthcare system of
each strategy of management; no specific 

allowance was made for the additional cost of
training or personnel to operate the specialised
instrumentation required by the laparoscopic
procedure or for the costs of possible compli-
cations, such as a common hepatic duct injury.
Costs were recorded for the preoperative phase, 
the hospital phase and the first 18 months of
follow-up (Barkun et al, 1995).

McGinn (1995) gave no figures but reported no
significant differences between laparoscopic and
mini-cholecystectomy costs. 

The estimated costs from four of the above studies
of laparoscopic (using re-usable instruments)
compared with mini- or open cholecystectomy 
are shown in Figure 12. Laparoscopic was found to
be more expensive than open but less expensive
than mini-cholecystectomy.

These reports do not support any general
conclusions about the relative costs of the proce-
dures. There are, of course, many reasons for
variations in costs between sites; for example, one 
such cost is specifically a function of the experi-
mental situation. As Sculpher (1993) stated, one
concern about RCTs was that trial protocols might
impose atypical patterns of care on unrepresen-
tative samples of patients which would make the
observed resource use in the trial difficult to
generalise into routine clinical practice. 
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FIGURE 12  Relative costs of laparoscopic cholecystectomy (LC), mini- (MC) and conventional cholecystectomy (OC) ( , LC; , MC/OC)
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Sculpher believed that trial data would need to be
supplemented with outside data using models that
synthesised information from a variety of sources.
Another potential problem of using RCTs to 
collect resource data would arise if the clinical
uncertainty became resolved. Achieving a suffi-
ciently large sample size to calculate resource use
would depend on the trial continuing (Sculpher,
1993) but was unlikely to happen once clinical
criteria had been met.

Training costs
It has been acknowledged that MAS, including
laparoscopic cholecystectomy, requires special
skills. Training costs for the adoption of new medi-
cal technology are often high (Pearson, 1994); this
is certainly the case for MAS and is, therefore, part
of the cost of introducing MAS. In the USA, such
costs are largely borne by industry, which built
commercial training centres for MAS techniques 
to provide surgeons with hands-on experience and
to introduce them to procedure-related products
(Gelijns & Fendrick, 1993). More than half of the
32,750 practising surgeons in the USA received
training in laparoscopic cholecystectomy during
the 18 months after the procedure was introduced
(Gelijns & Fendrick, 1993). At that time, UK
surgeons did not have the same training oppor-
tunities and Cuschieri (1989) considered that 
there was genuine concern and a real risk that 
the procedure would be taken up in the UK by
surgeons without proper training.

The implications of differences in training 
between the USA and the UK were discussed by
Pearson (1994). In the USA, the ‘credentialling’
process specified, in a written document, those
operations that a surgeon was fully trained to
perform. Employers then granted ‘privileges’ to
surgeons that stated which operations they were
allowed to perform. The nearest equivalent to this
in the UK was accreditation for Higher Specialist
Training. This was awarded on completion of
training but did not specifically list the skills
acquired. The differences between the two systems
were important; surgeons in the UK who under-
took MAS after a preliminary course with no
additional training were significantly more likely 
to experience complications during surgery than
those who had undergone additional training 
(Pearson, 1994).

Macintyre and Wilson (1993) reported that the
English and Australasian Surgical Colleges, and the
Society of American Gastrointestinal Endoscopic
Surgeons had all made recommendations on
training for laparoscopic cholecystectomy. In

essence these were that the surgeon performing
the procedure should be a trained general surgeon
with biliary experience, with a knowledge of diag-
nostic laparoscopy, who should have attended a
course or workshop – preferably one which offered
hands-on experience. The English College also
recommended visiting a centre where the tech-
nique was already established. A UK survey of
laparoscopic cholecystectomy practice, under-
taken by Macintyre and Wilson (1993), revealed
that only 40% of consultants performing chole-
cystectomy had previously performed laparoscopy
on a regular basis.

Reports in the media in the early 1990s of patients
sustaining serious injuries as a result of MAS proce-
dures helped to focus on the lack of formal training
and, in 1993, the UK Government made funds
available to establish special MAS training centres.
Since then four centres have been established, in
London, Leeds, Dundee and Cardiff. Their role is
more to provide facilities for trainees to develop
their skills by practising on artificial organs/tissues
and organs removed from dead animals, rather
than to involve them in supervised assistance with
operations on real patients (Border, 1995).

In 1994, the Senate of the Royal Surgical Colleges
published new training requirements covering not
just MAS but all new and existing techniques across
surgical specialities (Border, 1995). Cuschieri
(1995) recommended that endoscopic training
skills should only be taught within an academic
environment by dedicated experts supported by 
a team of full-time technician tutors. He saw the
emergence of the regional endoscopic training
centres as a logical development in MAS
(Cuschieri, 1995).

The Working Group on the implications of MAS
for the NHS set out a number of practical consider-
ations for safe MAS, including training recom-
mendations (Cuschieri, 1994). These are
reproduced in Appendix 3.

Appropriate allowance for the considerable costs 
of these training arrangements must be included 
in any calculation of true economic aspects of
laparoscopic cholecystectomy. Training costs were
not included in a number of studies (Bass, 1993;
McMahon et al, 1994; Barkun et al, 1995; Kesteloot
& Penninckx, 1993).

Effect of laparoscopic cholecystectomy
on cholecystectomy rates
Unit costs of laparoscopic cholecystectomy are not
the only consideration. There is also the effect on



Health Technology Assessment 1997; Vol. 1: No. 14

43

the pattern of demand for cholecystectomy
following introduction of a procedure which 
is more attractive to patients. Cuschieri (1995)
drew attention to the phenomenon whereby new
advances create an increased workload and thereby
raise overall expenditure. He pointed out that the
cholecystectomy rate had increased in Scotland 
and worldwide since the advent of laparoscopic
cholecystectomy (see Table 8 for Scottish data). 
He suggested a number of possible reasons for this.
First, patients with low-grade symptoms perceived
the new surgery as more acceptable and were now
willing to undergo a surgical treatment which
inflicted less postoperative pain and resulted in a
shorter period of disability. Second, surgeons’ per-
ception of the risk–benefit ratio was altered, result-
ing in a change in the indications for cholecystec-
tomy. Third, gastroenterologists might increase
referrals for surgery because they viewed laparo-
scopic cholecystectomy as more effective than
alternative non-surgical treatments (Cuschieri,
1995). An increase of almost 20% in the numbers
of cholecystectomies undertaken in Scotland
during the period 1990–95 is shown in Table 8, 
which demonstrates that the procedure has 
come to be seen as the preferred option.

Bloor and Maynard (1994) argued, however, that
hospital managers were increasingly questioning
the appropriateness of procedures such as laparo-
scopic cholecystectomy, which required the pur-
chase of sophisticated and expensive capital equip-
ment and increased theatre time, thus resulting in
lower patient throughput for surgical procedures.
They pointed out that it was estimated that MAS
procedures such as this would continue to take
about one-third longer than conventional oper-
ations, with complications increasing this
difference in time.

A sharp rise in the rate of cholecystectomies since
the introduction of laparoscopic procedures in the
USA was documented by Legorreta and colleagues
(1993). Although the rate of open procedures
declined between 1988 and 1992, there was an
increase in the total number of cholecystectomies
leading to a 17.8% increase in Health Maintenance
Organisation medical expenditure for cholecystec-
tomy over this period, despite a reduction of 25.1%
in unit costs. These findings contrasted with the
generally stable cholecystectomy rates in the USA
during most of the 1980s.

Macintyre and Wilson (1993) stated that although
the only absolute contraindication to open chole-
cystectomy was unfitness for general anaesthesia,
the laparoscopic procedure had several additional
contraindications. As the operation has developed,
however, these have diminished to three: unfitness
for general anaesthesia; cholecystoenteric fistula;
and doubts about possible gall bladder malignancy.

How should surgical innovations 
be evaluated? 
This review of the major reported evaluations 
of laparoscopic cholecystectomy has revealed 
many of the problems that arose in the absence 
of a systematic approach to evaluation. Recently, 
a number of recommendations have been made 
for a more systematic approach to the evaluation 
of new surgical techniques, in general, and MAS
and laparoscopic cholecystectomy, in particular.

Cuschieri (1995) argued that a window of
opportunity followed a new medical and surgical
advance, during which prospective randomised
studies were possible and feasible. Once the proce-
dure became widespread, the window closed and
recruitment of patients for RCTs became impossible.
This suggests that evaluation should be initiated at a
very early stage. In addition, valid comparisons be-
tween two surgical options depended on proficiency
with both procedures but, by the time surgeons had
acquired the necessary familiarity with the new
approach, they had often come to prefer it, for a
variety of reasons, and were thus unable or unwill-
ing to participate in trials (Cuschieri, 1995). The
implication is that it may prove extremely difficult to
get an adequate number of truly randomised trials
even when starting early. Banta (1993) stated that
the effectiveness of any new procedure needed to 
be established by well-controlled clinical trials and
that the evaluation of effectiveness needed to be
part of the diffusion process. Thus, procedures for
on-going evaluations that address the problems of
the difficulty of randomisation after the early stages
of a trial need to be agreed upon.

TABLE 8  Open and laparoscopic cholecystectomies undertaken
in Scotland

Year Open Laparoscopic Total
cholecystectomy cholecystectomy

1990 4354 107 4461

1991 3257 1315 4572

1992 2431 2405 4836

1993 1940 3390 5330

1994 2025 3263 5288

1995 1931 3418 5349

Source: Information and Statistics Division, NHS in Scotland
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Minimal access surgery
A number of writers have made more detailed
suggestions on how surgical innovations should be
evaluated. Bloor and Maynard (1994) argued that
pioneering innovations such as MAS should and
could be carefully evaluated in well-designed trials.
They pointed out that although there were diffi-
culties in implementing RCTs of surgical techniques
due to the lack of blinding, a carefully designed trial
could overcome those problems. They recommend-
ed that, ideally, an economic evaluation should be
carried out in parallel with the clinical trial. Once
the effectiveness and efficiency of a new technique
was established, it should be introduced gradually,
with careful training of surgeons, and accreditation
procedures in place. Gross (1993) also argued that
any new surgical procedure competing with current
practice should be subjected to an RCT before it was
available for general use, although Bouchard and
colleagues (1996) argued that not all new tech-
nologies could or should undergo a formal
randomised comparative assessment.

Pearson (1994) held that MAS techniques should be
assessed as part of a research programme to ensure
that surgeon training and clinical outcomes were
evaluated. There was a danger that, unless the intro-
duction of MAS techniques was strictly controlled 
by purchasers, they would become part of routine
clinical practice before their effectiveness and cost-
effectiveness had been fully assessed. Purchasers are
recommended to consider the implications of new
techniques for service planning and use the contract-
ing process to prevent the adoption of unevaluated
techniques which they did not wish to purchase. In
addition, purchasers should require routine moni-
toring/audit to be undertaken for those techniques
that were introduced (Pearson, 1994).

Border (1995) described a number of alternatives
which had been suggested for evaluating MAS.
These included:

• pragmatic clinical trials, involving surgeons at
different points on the learning curve

• monitoring of new techniques at selected centres
and their performance compared against known
standards for established methods

• a combination of approaches, possibly 
starting with laboratory or animal-based studies,
moving on to prospective evaluations, then to
full-scale clinical trials, followed by a surveillance
study involving long-term follow-up of a 
selected population.

Reviewing the economics of MAS, Sculpher (1993)
noted that the clinical and economic evaluation of

many forms of MAS remained haphazard. He drew
attention to the fact that some procedures were
likely to diffuse, despite being less cost-effective
than the conventional treatment, because of factors
such as a lack of systematic evaluation, or because
the results of evaluations were poorly disseminated
or ignored by practitioners. For the same reasons,
other MAS procedures, which were cost-effective,
were likely to remain under-utilised. In order to
address issues such as these, Sculpher (1993)
argued that policies designed to achieve the
rational diffusion of MAS should seek to achieve
the following objectives.

1. At an early stage in their development, MAS
applications with a clear potential to improve
patient care should be identified (according to
explicit criteria such as being likely to reduce
costs or to improve benefits and being relevant
to large numbers of patients).

2. Adequate funds should be ensured for a
programme of well-designed and timely clinical
and economic evaluations of these applications
culminating, where possible, in appropriately
powered pragmatic RCTs.

3. Given that perfect information will not neces-
sarily ensure rational behaviour, barriers and
incentives should be provided, so that the speed
and extent of diffusion of new MAS procedures
closely reflects the results of the evaluations.

4. Regulations should be introduced to ensure
that practitioners have sufficient training to
undertake procedures and to achieve the sorts
of results observed in controlled trials.

According to Cuschieri (1995), the way in which
MAS procedures should be evaluated was depend-
ent on the category of the operation. He argued
that the category was ‘equivalent’ if the nature and
steps of the new operation were unchanged from
the validated procedure with which it was being
compared. He maintained that within this category,
into which he placed laparoscopic cholecystectomy,
RCTs were unnecessary. Instead, prospective audit
of outcome studies should provide the necessary
information for valid assessment. However, if the
MAS procedure was new or incorporated signifi-
cant changes from the conventional counterpart,
then Phase II studies in key centres should consti-
tute the initial phase of evaluation. If these sug-
gested benefit then RCTs to compare the two
approaches were warranted (Cuschieri 1995).

Advisory Council on Science 
and Technology
Official committees and professional bodies have
also addressed the task of producing guidelines. 
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In the UK and elsewhere, detailed recommen-
dations have been made for the evaluation and
control of new surgical techniques. The report 
of ACOST on medical research and health sought
to identify how advances in science and technology
could be used to provide better health cost-
effectively (ACOST, 1993). A number of task 
forces were set up by ACOST, one of which 
focused on surgical technologies. With specific
reference to MAS procedures, the task force pro-
vided a number of policy suggestions regarding
surgical technologies, including the following.

1. All new medical devices or novel applications 
of existing devices to be used within the 
NHS should be developed only under
controlled conditions.

2. Only procedures and equipment that have
undergone assessment and approval should 
be used within the NHS.

3. Novel surgical procedures and surgical teams
should be registered with a Committee on the
Safety and Efficacy of Procedures.

4. The NHS should follow codes of practice 
in deciding the most cost-effective way of
introducing novel devices/applications.

5. Specific centres specialising in appropriate
diseases and techniques should be adequately
researched to develop, to evaluate and to
educate the rest of the profession.

The government, however, rejected the first two
recommendations above. According to Border
(1995), although the Department of Health
recognised the need for stricter controls on the
introduction of new surgical procedures, it viewed
regulation in this area as a matter for professional
judgement and guidance rather than legislation.

Senate of the Royal Surgical Colleges of
Great Britain and Ireland
Professional bodies have also proposed procedural
rules for evaluating new techniques. Border (1995)
described a possible scheme for a control system
for surgical techniques proposed by the Senate of
the Royal Surgical Colleges of Great Britain and
Ireland. The proposal was designed to operate 
in stages. Once a new development had been
identified, its use would be restricted initially to
specified centres, where it would be evaluated in
clinical trials. When the value of the new tech-
nique in terms of its safety, effectiveness and cost-
effectiveness had been established, its use would 
be restricted to those surgeons who had received
appropriate training. Eventually, if the procedure
became sufficiently widely used, it would be
included as part of the basic surgical skills

assessment. Finally, the performance of the new
procedure and of the surgeons using it would be
monitored by a process of on-going clinical audit
(Border, 1995).

SERNIP
The most recent developments have arisen out 
of discussions between the Department of Health
and the Royal Colleges on a new system to bring
together groups of experts to evaluate major
advances in surgery and medicine. This has led 
to the establishment of SERNIP, a voluntary register
of new procedures, which aims to protect patients
from the inappropriate application of new inter-
ventional procedures whose safety and efficacy 
have not been established (Department of 
Health, 1995).

SERNIP incorporates a method of identifying and
registering such procedures and advising on how
they may be evaluated in a controlled manner.
Those new procedures whose safety and efficacy
have not yet been established and which SERNIP
classifies as requiring a fully controlled evaluation
may only be used as part of systematic research,
comprising either an observational study, in which
all interventions and their outcomes are system-
atically recorded, or an RCT (Department of
Health, 1995).

One of the difficulties in all of these proposed
regulatory systems is the lack of precise interpret-
ation of the term ‘new’. While radical departures
from accepted procedure are easy to identify, there
remains the question of how much can a procedure
be modified before it becomes a ‘new’ procedure,
subject to an independent evaluation? Another
problem is deciding what constitutes evidence 
of ‘efficacy’.

Discussion

The publication trends displayed in Figure 11
showed that the annual numbers of papers relat-
ing to laparoscopic cholecystectomy peaked in
1993–94 and began to decline in 1995, thus
indicating that this procedure is widely accepted 
by surgeons as acceptable and effective for well-
specified indications. However, the papers reviewed
above suggest that the case for this acceptance is
not wholly convincing. This review shows that
evaluation did not begin until the technology 
had diffused quite widely, by which time it was 
no longer seen as possible to carry out fully
controlled and satisfactory RCTs of laparoscopic
versus open cholecystectomy. Observational 
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studies of laparoscopic cholecystectomy 
reported benefits of a shorter hospital stay, less
post-operative pain, more rapid return to full
activity and a smaller scar, although there was also,
at least initially, an increased likelihood of injury 
to the bile duct. Laparoscopic cholecystectomy was
also found to be less costly than open cholecystec-
tomy. The early RCTs comparing laparoscopic 
and mini-cholecystectomy also found in favour 
of the laparoscopic procedure for much the same
reasons, although economic analysis, where
included, indicated that it was more expensive than
mini-cholecystectomy. However, two later RCTs con-
cluded that the laparoscopic procedure held no
significant advantages. One conclusion of Downs
and colleagues (1996), in their systematic review 
of the effectiveness and safety of the procedure, 
was that surgeons should not be encouraged to
replace mini- with laparoscopic cholecystectomy.

Even the combined results of the observational
assessments, the limited RCTs of laparoscopic ver-
sus open cholecystectomy and the more extensive
RCTs of laparoscopic versus mini-cholecystectomy,
do not appear to provide definite evidence that the
laparoscopic procedure is preferable. Furthermore,
no data on long-term outcomes beyond 1 year 
seem to have been collected.

Evaluation of the economic aspects, of great
importance in a resource-limited system, is posing
equal, if not greater, problems than evaluations of
clinical effects. The relative costs of laparoscopic
and mini-cholecystectomy seem to vary depending
on the site. The impact on costs of the changing
pattern of demand and treatment have not been
incorporated into financial calculations and,
indeed, may not be entirely calculable. In addition,
if economic analysis is an integral component of an
RCT of a surgical procedure but the clinical ques-
tions are answered before the trial ends, it may not
be possible to continue with the trial just to answer
the economic questions. Hence, the evaluation of
laparoscopic cholecystectomy overall has been less
than satisfactory.

Timing
According to Bouchard and colleagues (1996), the
timing and selection of a study are vital to its pertin-
ence and feasibility, as “...the technology must be
developed adequately to reflect a level of efficiency
close to its optimal performance and needs to gen-
erate sufficient interest to justify the trial’s time and
expense while maintaining patient and investigator
motivation”. The time-span of some of the RCTs of
laparoscopic versus mini- and open cholecystec-
tomy are shown in Figure 2 (page 23). As early as

1991, Neugebauer and colleagues claimed that the
opportunity to conduct an RCT of laparoscopic
versus open cholecystectomy had already passed,
because clinical audit had by then shown the
obvious benefits of the laparoscopic procedure,
thus placing ethical constraints on the conduct of 
a controlled trial. Yet Figure 2 shows that RCTs of
both procedures, although admittedly small in
terms of patient numbers, were still being initiated
in 1991, suggesting that the window of opportunity
for initiating such trials had not yet closed.

In the published reports of RCTs of laparoscopic
cholecystectomy there is generally no indication 
of why a trial was undertaken at a particular time.
An exception to this is Trondsen and colleagues
(1993), who stated that, on the introduction of the
procedure to their hospital in 1990, they took the
opportunity of carrying out a prospective random-
ised study to compare laparoscopic with open
cholecystectomy. Placing less emphasis on the
importance of the learning curve prior to initiation
of an RCT may have circumvented the ethical
concerns which would have arisen from favourable
clinical audit during this learning period. Starting
the trial when the new technique was first intro-
duced may also have meant that there was more
genuine uncertainty as to the relative merits of 
the alternative treatments on offer.

In 1992, Barkun and colleagues stated that the
introduction of alternatives to conventional
cholecystectomy in their hospitals gave them a
chance to carry out an RCT of laparoscopic versus
mini-cholecystectomy. Surgeons participating in
this trial, however, had already undertaken at least
30 laparoscopic procedures before the trial started.
Here it seems that surgeons were able to experi-
ence the learning curve effect prior to an RCT
without the trial being ethically compromised.
McGinn and colleagues (1995) considered, when
reporting their RCT of laparoscopic versus mini-
cholecystectomy, that new techniques and oper-
ations, like new drugs, should continue to be
evaluated by proper RCTs.

If it was possible to undertake small RCTs com-
paring laparoscopic with open cholecystectomy,
then why not large ones? Perhaps one answer 
may lie in the results of the survey undertaken by
McMahon and colleagues (1992), which showed
that although there was wide support for such an
RCT, those respondents with more laparoscopic
experience were less convinced of the need for a
trial. It seems that, in a situation where there was
no centralised control of diffusion of a new 
surgical procedure, no consensus that promising
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new techniques should not be allowed to diffuse
until properly evaluated and no special training
requirements for MAS techniques, surgeons could
adopt laparoscopic cholecystectomy, gain experi-
ence with the technique, be impressed with the
short-term outcomes and then conclude that an
RCT was no longer necessary or appropriate.
Meanwhile the procedure continued to spread 
into routine practice. In 1992, the Department of
Health stated that if some technology has a large
impact, observational data may suffice to demon-
strate this effect clearly and carefully controlled
trials are unnecessary. Perhaps surgeons with some
experience of laparoscopic cholecystectomy came
to believe that the procedure fell into such 
a category.

Surgeons’ beliefs of how any new surgical
innovation should be evaluated would also have
played a part in the way in which laparoscopic
cholecystectomy was assessed. A range of views
exists, including, among others, randomisation 
of the first patient, randomisation following the
learning curve, monitoring new techniques in
selected centres, and a programmed evaluation
containing an RCT as one of several elements.

Another factor which may have played a 
part in influencing when and what type of
evaluation was undertaken was the existence 
of another alternative, mini-cholecystectomy. 
As a result, a number of RCTs were undertaken
comparing laparoscopic with mini- but not 
open cholecystectomy.

The problem of fast-changing technology would
have impacted on any decision about the timing 
of assessment. According to the NHS Executive
(1996), a health technology under assessment
should be sufficiently stable for it to be compared
with competing health technologies and/or no
intervention. Perhaps in the very early days of
laparoscopic cholecystectomy it was considered that
if an RCT was undertaken, developments in the
procedure while the trial was in progress might
compromise the validity of the results. However,
once a technique has been allowed to diffuse into
routine clinical practice, it becomes more difficult
to conduct an adequate evaluation, and much
more difficult to withdraw the technique –
whatever the results of the trial.

Messages transmitted by the popular media are 
also powerful factors that can influence both when
a technology is assessed and, at least indirectly, 
how it is assessed. There is general agreement in
the literature that media reports of the apparent

benefits led to patients becoming aware of the
procedure and asking clinicians for laparoscopic
rather than open cholecystectomy. Patients may
also have been persuaded not to take part in RCTs
for fear of being randomised to the standard proce-
dure. In addition, patient demand would have had
an impact on the rate of diffusion, which would
have implications for the timing of evaluation.
However, later media reports of complications 
(see, for example, The Times, 8 December 1992)
may have persuaded patients not to take part in any
planned RCT for fear of being randomised to the
laparoscopic procedure, thus influencing the way
in which the technique could be evaluated. Such
reports would also have turned the media spotlight
on the (then) lack of specialised training require-
ments for surgeons who wished to undertake the
procedure and, indeed, on the fact that an ade-
quate evaluation of laparoscopic cholecystectomy
was required. Thus the popular media may have
had different effects at different times.

In the light of the papers reviewed, it is clear that
systematic evaluation, in the form of an RCT, should
have started from the earliest stages. In the case of
such a radically new procedure, identification of its
‘newness’ should not have been problematic. Inter-
pretation of the results of early evaluations, however,
would have had to allow for the learning curve
effect, and results of early trials would not neces-
sarily correspond to results of trials undertaken by
surgeons who had undergone well-designed training
programmes before starting to use the procedure. In
the light of this and the other problems affecting the
quality of RCTs, a more tightly prescribed approach
to reporting observational studies would improve
the standard of information presented (while still
acknowledging their limitations). Such a scheme –
the CONSORT statement (Begg et al, 1996) – has
recently been proposed in an attempt to improve
the quality of reporting of RCTs.

The diffusion of laparoscopic cholecystectomy 
was not preceded by adequate evaluation of the
technique. Many of the assessments in the liter-
ature are uncontrolled descriptive studies. There
has been no large-scale RCT of laparoscopic versus
open cholecystectomy. A few small RCTs have been
undertaken and there have been a similar number
comparing laparoscopic with mini-cholecystectomy.
Observational studies and RCTs of laparoscopic
versus open cholecystectomy generally reported 
a longer operation time, shorter hospital stay, 
less post-operative pain, faster return to normal
activity and a much smaller scar. The most serious
complication was an increased likelihood of injury
to the bile duct, ranging from 0% to 4% in the
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RCTs and from 0.6% to 1.8% in cohort studies 
and case series (Black, 1996). Early RCTs of laparo-
scopic versus mini-cholecystectomy found in favour
of the former, although later RCTs concluded that
it offered no clear advantage.

Few of the RCTs included any economic analysis.
Those economic studies that have been undertaken
suggested that laparoscopic is less costly than open
but more expensive than mini-cholecystectomy. A
complication is that costs seem to vary depending
on the site and do not take into account the chang-
ing pattern of demand since the introduction of
the laparoscopic procedure.

The timing of the evaluation of a new health 
technology is critical. There is a window of oppor-
tunity when it is possible to conduct an RCT but

once the technology has diffused this becomes
much more difficult to undertake. In retrospect,
systematic evaluation of laparoscopic cholecystec-
tomy should have started from the earliest stages 
of its introduction, but this did not happen. The
reasons for this failure included the fact that there
was no consensus to withhold new techniques until
properly evaluated, neither was there centralised
control to prevent the diffusion of unevaluated
techniques. Favourable clinical audit during the
learning curve period resulted in ethical objections
to conducting an RCT, while the exact role of the
RCT itself in the evaluation process was debated. 
In addition, media reports fuelled initial demand
for the new treatment. Ironically, these also even-
tually highlighted the complications that resulted
from surgeons adopting the technique without
adequate training.
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Summary
The purpose of this systematic review is to
investigate when and how evaluations of the
prenatal diagnostic technique of CVS have been
undertaken and what factors influenced the 
timing of those evaluations.

CVS and amniocentesis are the most common
methods of prenatal diagnosis of chromosomal
abnormalities. In CVS, cells are retrieved from the
developing placenta for chromosomal analysis; this
is usually undertaken, either transabdominally or
transcervically, at about 9 weeks gestation in the
first trimester of pregnancy, with a diagnosis avail-
able about 2 weeks later. In amniocentesis, trans-
abdominal samples of foetal cells from the amniotic
fluid surrounding the foetus are taken, usually at
about 16 weeks gestation in the second trimester 
of pregnancy, with a diagnosis available about 
3 weeks later.

Three major RCTs have been undertaken
comparing first-trimester CVS with second-
trimester amniocentesis, the aim being to 
measure pregnancy outcome, antenatal 
complications and diagnostic accuracy. The
Canadian collaborative trial (1984–88) reported 
an excess foetal loss rate of 0.6% in the CVS 
group compared with the amniocentesis group 
but concluded that the total loss rates did not 
differ significantly between the two groups. 
The Danish RCT (1985–90) reported excess 
foetal loss rates for CVS compared with amnio-
centesis of –0.7% for transabdominal CVS and
4.6% for transcervical CVS; consequently, it was
concluded that transabdominal CVS represented
the most attractive option. The MRC European 
trial (1985–89) found that CVS reduced the
chances of a successful pregnancy by 4.6%
compared with amniocentesis. In a large US 
study (1985–86) undertaken by Rhoads and
colleagues (1989), randomisation was attempted
but had to be abandoned after only four women
were randomised. Excess foetal loss rates for 
CVS were 0.8%. None of these trials incorp-
orated any economic analysis and little was 
found in the literature on the costs of CVS.

A systematic review of CVS compared with
amniocentesis for prenatal diagnosis by Alfirevic
and colleagues (1995a) described these three 
major RCTs as being of generally good quality.
Randomisation was organised centrally for all 
three trials, analysis on all randomised women was
available for most principal measures of outcome,
and the outcome of pregnancy was reported for 
all women in the Canadian Trial, 99% of women in
the MRC European Trial and 93% in the Danish
Trial. The review concluded that the results were
consistent with the suggestion that second-trimester
amniocentesis was safer than CVS. and therefore
the benefits of earlier diagnosis by CVS had to be
set against its greater risks. If earlier diagnosis was
required, then transabdominal CVS was seen as
preferable to the transcervical approach.

The question of a causal link between CVS and
limb defects remained unresolved although a
recent systematic review supports a causal relation-
ship (Brown et al, 1996). Firth and colleagues
(1991) were the first to report the possibility 
of such a link. None of the three major RCTs
identified such a link, and a number of other
studies produced conflicting results.

Attempts to start randomised trials early were
successful in Canada, the UK and Denmark, to 
the extent that CVS was limited to the random-
isation trials in Canada and some UK centres. In
contrast, an attempt to mount a large randomised
trial in the USA, at about the same time, failed.
This reflects differences in physician and patient
perceptions about the need for a randomised 
trial, the availability of CVS outside the trial, 
and the scientific and media exposure of the 
new technology.

Background 

Prenatal diagnosis techniques can identify 
foetuses with a variety of genetic and non-
genetic conditions. When these conditions 
are serious or potentially disabling, this know-
ledge allows parents to consider the option of
terminating the pregnancy. Prenatal diagnosis 

Chapter 5

Systematic review of diffusion and evaluation of
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can be classified into three phases (Chitty &
Bobrow, 1994):

(i) the identification of high-risk pregnancies that
would benefit from prenatal diagnosis

(ii) the offering of the appropriate obstetric test,
such as CVS or amniocentesis

(iii) laboratory testing, which may involve
biochemical, cytogenetic or DNA analysis.

The first major concern with all prenatal diagnostic
techniques is their accuracy. Weatherall (1991)
pointed out a number of errors associated with
prenatal diagnosis using foetal chromosomal DNA
analysis. In CVS, contamination of foetal tissue with
maternal tissue may occur, which may lead to mis-
diagnosis. A number of technical problems in the
analysis of DNA in the laboratory may give rise to
errors, such as difficulty with DNA digestion and
plasmid contamination (Weatherall, 1991). False-
negative results occur if a genetic test fails to detect
the specific form of gene when it is actually present,
while false-positive results indicate wrongly that the
specific form of gene has been detected. False-
negative and false-positive results occur with
different frequencies for different tests.

Chorionic villi consist of two types of cells:
cytotrophoblastic cells, which are dividing rapidly
and used for direct analysis, and mesenchymal 
core cells, which are used to initiate cell cultures.
Whereas cytotrophoblasts can be directly analysed
within 72 hours, the analysis of mesenchymal core
cells usually takes 7–10 days (Shulman & Elias,
1993). Reliance on cytotrophoblastic cells alone is
associated with false-positive results whereas testing
both types of cell is costly and delays the results.

Chitty and Bobrow (1994) argued that while the
accuracy of prenatal diagnosis depended primarily
on the laboratory test, safety and sampling failure
were dependent mainly on the obstetric procedure.
The earlier in the pregnancy the procedure was
carried out, the sooner the prospective parents
could be informed of the results. Generally
speaking, however, the earlier the test was
undertaken, the more difficult it was to obtain 
an adequate sample for diagnosis and the more
hazardous it was for the foetus, which would then
be at a stage of rapid organ development. Even
small differences in the safety or diagnostic accur-
acy of methods of testing would, potentially, have
an important bearing on the choice of method for
prenatal diagnosis (Chitty & Bobrow, 1994).

The second major concern is safety. The methods
used to acquire material for prenatal diagnosis are

all invasive. The vast majority of foetuses tested are,
in fact, normal and do not stand to gain directly
from prenatal diagnosis. The benefits of identifying
abnormal foetuses have, therefore, to be set against
any adverse effects of the procedure on normal
foetuses. In this situation, even very small risks 
may be important.

The most common methods of prenatal diagnosis
are amniocentesis and CVS. Amniocentesis is the
transabdominal sampling of foetal cells from the
amniotic fluid which surrounds the foetus and is
usually performed at about 16 weeks gestation in
the second trimester of pregnancy, with a diag-
nosis available about 3 weeks later. In CVS, cells 
are retrieved from the developing placenta for
chromosomal analysis and it is usually performed
after about 9 weeks gestation in the first trimester
of pregnancy, with a diagnosis available about 
2 weeks later. CVS can be undertaken either
transabdominally or transcervically.

Development and diffusion
Schemmer and Johnson (1993) reported that 
Mohr introduced the concept of chorionic biopsy
for foetal diagnosis in 1968. However, a combin-
ation of high complication and procedure failure
rates, along with the rapid acceptance of amnio-
centesis effectively postponed any major European
research in this area for approximately 10 years
(Schemmer & Johnson, 1993). In 1970, a group of
Chinese investigators also began to investigate the
use of aspiration of villus material in an attempt to
establish a safe and easy method for first-trimester
sex determination, and reported on their series of
100 patients in 1975, correctly predicting the foetal
sex in 94% of cases (Blakemore, 1988). Hod (1994)
reported that the first CVS, in pregnancies that
were allowed to go to term, was performed in
China in 1983.

According to Modell (1985), the first experimental
approach to CVS, in Scandinavia in the 1970s, 
was abandoned because of a high rate of compli-
cations, partly because obstetric ultrasound had
not, at that time, been sufficiently developed. 
It was the addition of ultrasound guidance and
advances in DNA technology which led to renewed
interest in CVS in the early 1980s (Schemmer 
& Johnson, 1993). Visualisation of the placenta 
by ultrasound was found to improve the success
rate of chorionic biopsy and soon afterwards
investigators established that first-trimester villi
could be used for DNA analysis in pregnancies 
at high risk for haemoglobinopathies and
biochemical disorders (Schemmer & 
Johnson, 1993).
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The reliability of transcervical aspiration at the time
was hampered by the large diameter of the endo-
scopic instruments then in use and the inability to
place the metal sampling cannula at an appropriate
site. A smaller sampling device was developed, a soft
1.5 mm polyethylene catheter threaded with a malle-
able obturator which, with minor modification,
remains the most frequently used method for trans-
cervical CVS (Schemmer & Johnson, 1993). Simoni
and colleagues (1983) then showed that villous
material could be used for cytogenetic and bio-
chemical diagnosis without the need for tissue
culture (Schemmer & Johnson, 1993).

According to Froster and Jackson (1996), CVS was
established as a method for prenatal diagnosis in
1982. It has been used clinically since early 1984
(Jackson et al, 1992) and the use of first-trimester
transabdominal CVS was introduced by Smidt-
Jensen and co-workers in 1984 (Schemmer &
Johnson, 1993).

A WHO-sponsored International CVS Registry was
opened in 1983 and, by the end of 1984, partici-
pating genetics centres around the world had
reported summaries of over 3000 diagnostic cases
(Modell, 1985). In the decade to 1995, CVS was 
used on more than 150,000 women worldwide 
for prenatal detection of genetic abnormalities 
(Olney et al, 1995).

Objectives

The objectives of this review were to identify when
and how evaluations of CVS had been undertaken
and to clarify the factors that influenced their timing.

The structure of the review is as follows. Following 
a brief section on search strategy and methods, the
development and diffusion of CVS is discussed,
followed by a description of the potential advan-
tages and disadvantages of the technique. Major
trials comparing first-trimester CVS with second-
trimester amniocentesis are examined, as well as 
a systematic review of the RCTs. Transabdominal
versus transcervical CVS is then reviewed, followed
by CVS versus early amniocentesis. Economic
evaluation, patient and physician preferences, 
and the issue of timing of evaluations follow,
ending with a discussion of the findings.

Search strategy

Searches were carried out primarily on the
databases Medline, Embase, and the Cochrane

Database of Systematic Reviews. These were
supplemented with articles identified by other
means, including contact with experts in the field,
hand-searching of reference lists of key articles
obtained and monitoring the contents of a small
number of medical journals in 1996 (see Appendix
1 for a more detailed description of the objectives, 
criteria for inclusion, and methods).

Studies included

Potential advantages of CVS
The major advantage of first-trimester CVS over
second-trimester amniocentesis is that it provides
an earlier diagnosis (Chitty & Bobrow, 1994; Hod 
et al, 1994; Brambati, 1995). While CVS can be
undertaken at about 9 weeks gestation, with the
results available approximately 2 weeks later (Bryce
et al, 1989), amniocentesis is usually performed
between weeks 16 and 18, in the second trimester
of pregnancy, with the results often not available
until 2–4 weeks later (McGovern et al, 1986).

By detecting foetal abnormalities at an early 
stage CVS can potentially reduce maternal anxiety.
Spencer and Cox (1987), in a study of 74 women
who took part in the Canadian trial, noted that
women who received CVS underwent a signifi-
cant reduction in anxiety after prenatal testing. 
The anxiety level of women who had undergone
amniocentesis, however, remained relatively 
high until they received the test results at about
19–20 weeks. Spencer and Cox (1988) argued 
that anxiety during pregnancy could be associ-
ated with subsequent obstetric complications,
including somatic complaints and labour and
delivery problems.

Women who underwent CVS also reported less
physical discomfort than women having amnio-
centesis (Spencer & Cox, 1987).

If the results of CVS revealed a serious or disabling
foetal abnormality, the woman could choose to
undergo a safer, less traumatic, first-trimester thera-
peutic abortion (Heckerling et al, 1994). Couples
may also feel that it is morally more acceptable to
terminate a pregnancy in the first, rather than in
the second, trimester (Modell, 1985). According 
to Spencer and Cox (1988), during the second
trimester women normally experienced an increas-
ing foetal presence and a growing attachment to
the foetus. A second-trimester abortion, therefore,
carried increased psychological trauma, as well 
as increased maternal morbidity and mortality
(McGovern et al, 1986).
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For the purposes of DNA and biochemical 
analysis, CVS afforded immediate access to
significant quantities of tissue without the need 
for cell culture as was required following amnio-
centesis (Chitty & Bobrow, 1994). Also, rapid
analytical techniques had significantly reduced 
the waiting time between sampling and diagnosis,
and progress in recombinant DNA technology 
and human gene mapping had led to an increase
in the range of conditions that could be 
detected (Brambati, 1995).

Potential disadvantages of CVS
Initially, the principal concern was the risk of
provoking miscarriage in normal pregnancies. 
A variety of other short-term risks were identified
from the case studies or case reports, including
concerns about serious infection. At this time,
there was no suggestion that CVS might cause con-
genital limb reduction deformities; such concerns
were prompted later, in 1991, by a series of five
cases among the CVS procedures performed at a
single centre, Oxford (Firth et al, 1991). This is
discussed further below.

RCTs of CVS 
The literature search identified three major 
RCTs comparing first-trimester CVS with 
second-trimester amniocentesis.

Canadian Collaborative Trial
The Canadian Collaborative CVS–Amniocentesis
Clinical Trial Group (Lippman et al, 1992) 
reported that 2787 women aged 35 years or 
older at the expected date of delivery, were
randomised either to transcervical CVS at 
9–12 weeks gestation or to amniocentesis at 
15–17 weeks. The trial, covering 1984–89, was
designed to compare foetal loss rates, including
induced abortion, and 11 centres participated. 
The accuracy of both procedures was also
examined. Participating obstetricians were 
required to have carried out at least 30 proce-
dures and to have been successful in obtaining 
10 mg or more of chorionic villi in 23 of 
25 consecutive cases, thus indicating the
importance attached to the experience 
and skill of the practitioner.

The results of the Canadian trial showed an 
excess foetal loss rate of 0.5% in the CVS group
compared with the amniocentesis group. The
potential difference in loss rates between CVS 
and amniocentesis was believed to be not more
than 2.4% for women of 35 years of age and over
with a viable foetus at the time of the procedure. 
It was suggested that the results might reassure

women on the safety of first-trimester CVS. The
Canadian trial group concluded that the total loss
rates were not statistically significantly different
between the groups, irrespective of whether data
on all women randomised or only on those women
eligible were analysed.

Lippman and colleagues (1992) noted that
although there were very few false-negative results
with either CVS or amniocentesis (3/24 confirmed
true-positives and 0/20 confirmed true-positives,
respectively), false-positive results occurred 
more often with CVS than with amniocentesis 
(19 positive results from 839 confirmed true-
negatives and two from 947 confirmed true-
negatives, respectively). Lippman and colleagues
(1992) stated that the less accurate CVS diagnoses
were caused primarily by ‘confined mosaicism’ –
chromosome abnormalities confined to the
placental villi and not found in the foetus proper.
There might also be a higher frequency of mater-
nal contamination in the CVS specimens. They
concluded that although the results suggested 
that prenatal cytogenetic diagnosis by CVS and
amniocentesis were both very accurate overall
(97.5% and 99.8%, respectively), the difference 
was statistically and clinically significant.

Medical Research Council 
European Trial
The MRC Working Party on the Evaluation 
of Chorion Villus Sampling (1991) recruited 
3248 women seeking prenatal diagnosis to an
international, multicentre, randomised trial of 
CVS versus amniocentesis which ran from 1985 
to 1989. The aim of the trial was the reliable
identification of any differences in the safety 
or diagnostic accuracy of methods of testing
between first-trimester CVS and second-
trimester amniocentesis, when used in 
everyday clinical practice.

The trial was coordinated by the National Peri-
natal Epidemiology Unit in Oxford and the MRC
Human Genetics Unit in Edinburgh. In all, 31
centres took part – from the UK (21), Italy (4), 
The Netherlands (2), Finland (1), Denmark (1),
Switzerland (1), and Germany (1). A centre was
eligible to take part if each participating obste-
trician had carried out 30 or more CVS proce-
dures, as it was considered that the safety of the
technique might be positively affected by the skill
of the clinician improving with experience. At 
some centres, CVS was made available only in 
the context of the trial, a policy recommended 
by the Working Party on the grounds that CVS 
was a new technique with unknown benefits and
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disadvantages, and therefore should not be made
routinely available until it had been adequately
evaluated. The results are detailed below.

1. CVS was carried out in whatever way 
was deemed suitable by the obstetrician 
(72% by the transcervical and 28% by the
transabdominal approach).

2. The results suggested that CVS in the first
trimester reduced the chances of a successful
pregnancy by 4.6% compared with amnio-
centesis in the second trimester.

3. The trial provided no clear evidence that the
choice of route in CVS affected the risk of
spontaneous pregnancy loss. The MRC Work-
ing Party qualified this by acknowledging that
only indirect comparisons were made between
transcervical and transabdominal CVS in the
study and the most reliable information would
probably come from RCTs comparing the two
methods directly.

4. The MRC Working Party reported that three
terminated pregnancies were false-positives
(one tested by CVS and two by amniocentesis),
and that two other mosaic cases diagnosed by
CVS may have been false-positives. In addition,
there was one CVS false-negative result.

5. There were 38 congenital malformations in
liveborn or stillborn infants in the CVS group
and 41 in the amniocentesis group. The num-
bers with each malformation were small and
there were no clear differences between the
groups in patterns of malformation. Although
there were two cases of limb reduction deform-
ities in the CVS group, both were in the case
series reported from Oxford. The MRC Work-
ing Party therefore argued that the European
trial provided no new information that either
confirmed or refuted any suggested link
between early CVS and limb abnormalities.

Danish trial 
Smidt-Jensen and colleagues (1992) reported a
Danish RCT comparing transcervical CVS, trans-
abdominal CVS and second-trimester amniocen-
tesis; this took place from August 1985 to Novem-
ber 1990. The trial was conducted at two centres,
one in Copenhagen and the other a provincial
centre in Sonderborg. Most patients (85%) were
recruited in Copenhagen and, for the majority of
those who were allocated to CVS, the operation 
was performed by a single experienced operator.
Women had no access to CVS at the two centres
unless they agreed to join the trial. However,
because other hospitals in Copenhagen offered
CVS, the conduct of the study was made more
difficult than it would otherwise have been.

According to Smidt-Jensen and colleagues (1992),
nine women allocated to the amniocentesis arm
elected instead to visit another hospital for CVS.

Participating obstetricians were required to have
carried out at least 20 successful samplings of
chorionic villi and amniotic fluid before the Danish
trial, a lower number than in the Canadian and
MRC European trials (30). A total of 4758 women
were referred to the trial, of whom 4214 were
regarded as being at low genetic risk; the total
number randomised was 4199, of whom 3706 were
at low genetic risk. Of the patients who completed
the study, 1429 had transcervical CVS (1010 at 
low genetic risk), 1453 had transabdominal 
CVS (1027 at low genetic risk), and 1115 had
amniocentesis (1042 at low genetic risk).

Total foetal loss rates for all low genetic risk women
were reported for the Danish trial as 11.6% for
transcervical CVS, 6.3% for transabdominal CVS
and 7% for amniocentesis. The most important
difference between the transabdominal and trans-
cervical CVS groups was considered to be the
proportion of post-procedure unintended losses,
the two groups having otherwise comparable 
foetal losses.

According to Smidt-Jensen and colleagues (1992),
the risk of foetal loss was similar after transabdom-
inal CVS and amniocentesis but, because losses
after amniocentesis came at a later stage, they were
more distressing. In May 1990 recruitment to the
amniocentesis group stopped because of increasing
difficulty in assigning women to that procedure 
and also because of the apparently small difference
in foetal loss between transabdominal CVS and
amniocentesis. Randomisation of the two CVS
approaches continued until November 1990, when
it was decided to abandon transcervical CVS at both
trial centres on the grounds that this procedure
posed a greater risk to the foetus.

Smidt-Jensen and colleagues (1992) reported 
that, in women at low genetic risk, the proportion
for whom a cytogenetic diagnosis was obtained at
the first attempt was 96% for transcervical CVS,
98.1% for transabdominal CVS and 99.7% 
for amniocentesis. 

The distribution of congenital abnormalities
between the groups was similar and there were 
no differences in the distributions of stillbirths 
or neonatal deaths.

Smidt-Jensen and colleagues (1992) argued that
transabdominal CVS allowed better access to the
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placental site than transcervical sampling, had 
the potential that more villi could be aspirated
when needed, was an easier skill to acquire, 
was more dignified, required less time and was
more acceptable to women than the transcervical
approach. They concluded that the results of 
their comparisons of the three procedures 
showed transabdominal CVS to be the most
attractive choice because it offered an early 
and acceptable resolution of anxiety with little
foetal and maternal risk.

Observational study of CVS
In a large, seven-centre study in the USA carried
out during 1985 and 1986, Rhoads and colleagues
(1989) attempted to compare the safety and
efficacy of CVS in 2278 women with that of
amniocentesis in 671 women. Both groups were
recruited in the first trimester of pregnancy and
had viable pregnancies verified by ultrasound
examination. The collaborative study was initiated
to address issues such as foetal loss rates after 
CVS and to determine more exactly the rates 
of complications involved.

The centres collaborating in the study were
selected because of their members’ interest in 
CVS. Although the clinicians’ experience with 
the procedure varied considerably at the outset,
each clinician had by then completed at least ten
CVS procedures. In addition, each centre had
completed at least 25 procedures and was routinely
offering both CVS and amniocentesis to women
who presented with indications for prenatal
diagnosis (Rhoads et al, 1989).

Although at the outset the study design was
intended to be that of a randomised trial, this
approach had to be abandoned. Rhoads and
colleagues (1989) reported that despite a vigorous
effort in the first 4 months of the study, only four
women agreed to be randomly assigned to either
CVS or amniocentesis. This led to transcervical 
CVS becoming the standard prenatal diagnosis
method of the trial, and only those women (23%)
who definitely wanted amniocentesis were assigned
to the control group. Rhoads and colleagues
(1989) qualified the results of their trial by con-
ceding that the absence of randomisation could
have produced falsely reassuring results in the CVS
group if the loss rate in the amniocentesis group
had been unusually high. Even in the absence of
any information about potential side-effects,
women apparently insisted on choosing the
method that reduced anxiety and was more com-
fortable. (A similar situation existed at a compar-
able stage in the development of laparoscopic

cholecystectomy, when patients favoured the
laparoscopic procedure with its perceived benefits
of a smaller scar, less postoperative pain, and a
faster return to normal activity.)

Rhoads and colleagues (1989) argued that the
safety concerns of women who clearly wanted
prenatal diagnosis were related to the perceived
extent of any excess risk to the foetus associated
with CVS as opposed to amniocentesis. They
reported that their best estimate of the excess risk
was 0.8% which, although not statistically signifi-
cant, nevertheless did suggest a degree of excess
risk with CVS. As they had found that foetal loss
rates reported to the CVS Registry had varied quite
widely, they also recommended that transcervical
CVS should be attempted only at medical centres
that planned to undertake substantial numbers of
procedures, suggesting that they considered that
the level of experience affected the success of the
outcome. They noted that the 97.8% success rate 
in making CVS cytogenetic diagnoses did not quite
match the 99.7% success rate for amniocentesis 
but commented that the difference was small and
would probably be acceptable to many patients.

Cochrane systematic review of CVS
compared with amniocentesis for
prenatal diagnosis
A search of the Cochrane Database of Systematic
Reviews identified a systematic review of CVS com-
pared with amniocentesis for prenatal diagnosis
(Alfirevic et al, 1995a) based on the three major
RCTs referred to above.

The objectives of the review were to compare the
safety and accuracy of first-trimester CVS with
second-trimester amniocentesis by testing the
following three hypotheses:

(i) that CVS, irrespective of the route and
instrument used, was as safe and accurate 
in obtaining correct prenatal diagnosis as
second-trimester amniocentesis

(ii) that CVS by the transabdominal route was as
safe and accurate in obtaining correct prenatal
diagnosis as second-trimester amniocentesis

(iii) that CVS by the transcervical route was as safe
and accurate in obtaining correct prenatal
diagnosis as second-trimester amniocentesis.

Outcome measures included foetal and 
pregnancy outcomes, antenatal complications 
and diagnostic accuracy.

The reviewers stated that the outcome of
pregnancy was reported for all women in the
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Canadian trial, 99% of women in the MRC
European trial, and 93% in the Danish trial. Where
data were available for all three trials the results
were consistent, particularly for data on pregnancy
outcome. CVS appeared to be more technically
demanding for both obstetricians and cytogenet-
icists. Complications were uncommon after both
procedures and there were no reports that these
were ever life-threatening. Importantly, however,
pregnancy loss was more common after allocation
to CVS. The suggestive increase in stillbirths and
neonatal deaths following CVS, although not
statistically significant, was nevertheless 
described as worrying.

Transcervical CVS yielded more abnormal
karyotypes than amniocentesis, which resulted 
in a higher number of terminations of pregnancies
in the transcervical CVS group. There were also
significantly more pregnancy losses following
transcervical CVS, with the increase in the number
of spontaneous miscarriages reaching statistical
significance. The same trend was observed in the
numbers of perinatal deaths for the transcervical
CVS group.

Data for a comparison of transabdominal CVS
versus amniocentesis were available only from the
Danish trial and for a small number of outcomes.
There were significantly more abnormal karyotypes
in the transabdominal CVS group which resulted in
the trend towards more terminations of pregnancy
in that group. There was no differential effect on
the total pregnancy loss, spontaneous loss before
viability, number of stillbirths and neonatal deaths,
and number of congenital abnormalities (Alfirevic
et al, 1995a).

The question of whether the clinicians were
sufficiently skilled to undertake CVS satisfactorily
remained controversial. In all three trials, oper-
ators were required to have performed CVS
successfully at least 20 times in order to participate.
The reviewers concluded that there was no clear
evidence that performance improved over the
course of the RCTs, and questioned whether even
very skilled operators could improve the perform-
ance of CVS enough to abolish the difference in
pregnancy loss between the two groups.

Alfirevic and colleagues (1995a) stated that none 
of the trials was designed to assess the diagnostic
accuracy of prenatal testing adequately. This ques-
tion, therefore, remained unanswered and the
hypothesis that both CVS and amniocentesis were
equally accurate remained untested. Nevertheless,
the available data did suggest that accurate

diagnosis was more likely following amniocentesis.
The authors emphasised that, although absolute
numbers of false-positive and false-negative results
were small, they can have such devastating effects
that observed differences should not be ignored.

As far as the implications for practice were
concerned, Alfirevic and colleagues (1995b) con-
cluded that second-trimester amniocentesis was
safer than CVS and therefore the benefits of earlier
diagnosis by CVS had to be set against its greater
risks. If earlier diagnosis was required, they argued
that transabdominal was preferable to trans-
cervical CVS. They pointed out the importance of
prospective parents considering prenatal diagnosis
being fully informed of the risks and benefits of
alternative procedures before making a choice.

Alfirevic and colleagues (1995b) concluded that
alternative methods for early prenatal diagnosis
had to be sought in view of the high foetal loss rates
and diagnostic inaccuracies of CVS. In addition,
they recommended that any such new methods of
prenatal diagnosis should be rigorously evaluated
before a decision was made about their intro-
duction into clinical practice. They suggested that
in future trials, to the assess safety and accuracy of
new methods, amniocentesis performed after 
15 weeks should be considered as a control.

Transabdominal versus 
transcervical CVS
When first introduced into clinical practice, CVS
was performed by transcervical catheter aspiration,
a method which was adopted rapidly at many
centres in Europe and North America (Jackson 
et al, 1992). It was argued that several clinical trials
(USA multicentre trial; Canadian trial; Danish trial;
MRC European trial) had found the transcervical
approach to be both safe and efficacious for pre-
natal diagnosis. When a number of conditions were
identified, however, for which the transcervical
route appeared to be inappropriate, the trans-
abdominal approach became increasingly adopted
as an alternative (Brambati et al, 1991). The advan-
tages claimed for the transabdominal approach
included a lower risk of infection, ease of learning
because of its similarity to transabdominal amnio-
centesis, and overall increased safety from sampling
by needle rather than a plastic catheter (Jackson 
et al, 1992).

Brambati and colleagues (1991) undertook 
an RCT from March 1986 to July 1988 involving
1194 women randomised at 7–12 weeks’ gestation.
The purpose of the trial was to evaluate the relative
advantages and disadvantages of transabdominal
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and transcervical CVS in terms of foetal risks and
efficacy. Despite the fact that they had previously
used the transcervical route exclusively, these
authors stated that pressure on the clinicians,
arising from the widespread shift towards transab-
dominal CVS, eventually led to discontinuation of
recruitment. Brambati and colleagues argued that
the trial appeared to provide reassuring evidence in
respect of the risks associated with both sampling
techniques and concluded that transabdominal and
transcervical CVS appeared to be equally effective.

Jackson and colleagues (1992) carried out a
randomised trial at eight centres in the USA 
from April 1987 to September 1989. The aim was 
to confirm or disprove the presumed advantages 
of the transabdominal approach. The trial involved
3999 women with singleton pregnancies, in whom
the risk of a genetically abnormal foetus was in-
creased; 2010 were assigned to undergo transcer-
vical sampling and 1989 transabdominal sampling.
According to Jackson and colleagues, the two
groups were similar and representative of the
women in the USA who were then seeking prenatal
diagnosis and they concluded that there were only
minor differences between the two procedures.

Despite the findings of Jackson and colleagues
(1992) and Brambati and colleagues (1991), Chitty
and Bobrow (1994) argued that comparisons of 
the transabdominal and transcervical routes had in
fact indicated conflicting results. They referred to
the Danish RCT, where the rates of unintentional
loss after CVS were 7.7% for the transcervical
approach and 3.7% for the transabdominal
approach (Smidt-Jensen et al, 1992). In addition,
there was a significantly greater number of
sampling failures in the Danish transcervical 
group. The systematic review of CVS compared
with amniocentesis for prenatal diagnosis, under-
taken by Alfirevic and colleagues (1995a) and
included in the Cochrane Database of Systematic
Reviews, also supported the results of the Danish
trial which showed that transabdominal CVS
appeared to be safer than transcervical CVS.

Putative risk of limb reduction
deformity following CVS
In early 1991 a high rate of limb defects among
children exposed to CVS in early pregnancy was
reported from a cluster observed by Firth and
colleagues (1991); Burton and colleagues (1992)
subsequently reported a second cluster. The initial
observations by Firth and colleagues suggested that
the highest risk of limb malformations was associ-
ated with CVS being undertaken at a very early
stage in gestation. Mastroiacovo and colleagues

(1992), in a case–control study (January 1988 to
December 1991) using data from the Italian Multi-
centre Birth Defect Registry, reported that the risk
of limb defects was increased following CVS, and
that this increased risk applied especially to CVS
performed before 70 days gestation; 131 hospitals
participated and 423,087 births were studied.

Other studies, however, have found no connection
between CVS and limb defects. Kaplan and
colleagues (1990) evaluated 189 infants whose
mothers had either CVS or amniocentesis as part 
of the Canadian trial. They concluded that there
was no association between CVS and limb abnor-
malities. The analysis by Froster and Jackson
(1996), based on 138,996 CVS outcomes, con-
cluded that the overall incidence of limb defects 
in the CVS cohort did not differ from that in the
general population. They also reported no corre-
lation between gestational age at CVS and severity
of defects. Evans and Hamerton (1996) criticised
this study as being flawed, in that the two popu-
lations (CVS registry group and British Columbian
cases) were not strictly comparable, data were
collected over different periods and the quality 
of data was potentially variable. Brambati (1995), 
in an analysis of limb reduction defects among
more than 130,000 cases reported to the WHO 
CVS registry, was unable to find any relationship
between sampling and foetal malformations,
including limb reduction defects. Thus, these
studies failed, collectively, to give a clear indication
of whether there might be an association under
some conditions but not others.

In 1992, however, a meeting organised by the 
WHO Regional Office for Europe had recom-
mended that CVS should be performed between 
9 and 12 weeks of gestation (Olney et al, 1995). 
The Report of the National Institute of Child
Health and Human Development Workshop on
CVS and Limb and Other Defects (20 October
1992) recommended that further studies were
needed to determine whether there was a causal
link between CVS and limb defects, and whether
the timing of the procedure was an important risk
factor (Olney et al, 1995). Orrell and Lilford (1990)
argued that it would be difficult to confirm rare
potential side-effects by randomised studies alone,
as only large increases in rare side-effects could be
detected in this way. However, Evans and Hamerton
(1996) argued that an ideal study would take the
form of a large international RCT but added that 
it was now unlikely that this would be attempted.

Olney and colleagues (1995) undertook a
multistate case–control study in the USA of 
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421,489 births from 1988 to 1992 in order to 
assess and quantify the risk of specific limb
deficiencies associated with CVS. The study was
instigated because a number of infants had been
reported with transverse limb deficiencies after
their mothers had undergone CVS but it had been
unclear whether the procedure itself had caused
the defects. The implication was that if they were
not caused by CVS, then they were either occurring
naturally or had some other cause.

The ‘cases’ were 131 infants with non-
syndromic limb deficiencies ascertained from 
seven population-based birth-defect surveillance
programmes, born between 1988 and 1992 to
mothers aged 34 years or older. The controls were
131 infants with other birth defects. Exposure to
CVS in the seven states was associated with a six-fold
increase in the risk of transverse digital deficiency.
The association was strongest when the procedure
had been performed before 10 weeks’ gestation.
However, five of seven digital deficiencies occurred
after procedures at 10 weeks gestation or later
(Olney et al, 1995). The authors concluded that
there was an increased risk of transverse digital
deficiencies after CVS but that, as limb reduction
deformity was rare, it would have occurred rela-
tively infrequently in centres that had carried 
out less than 10,000 procedures.

Olney and colleagues (1995) argued that the 
case–control design of their study was advanta-
geous because of the rarity of the outcome they
were investigating. They also claimed that the
population-based nature of the study made the
findings more generalisable than would have been
the case with studies confined to specific centres.
They qualified their conclusions, however, by
stating that, given the observational nature of the
study, it would be virtually impossible to rule out
the impact of unmeasured confounding factors; for
example, they stated that women who underwent
CVS differed from those who did not with respect
to sociodemographic, cultural, and life-style factors
which could potentially act as confounding
variables (Olney et al, 1995).

Brown and colleagues (1996) have recently
completed a systematic review of the literature 
and, despite apparent inconsistencies between
some studies, they concluded that there is good
evidence of an association between CVS and
congenital limb-reduction deformity.

CVS versus early amniocentesis 
The MRC Working Party on Chorion Villus
Sampling (1991) had stated that earlier

amniocentesis, undertaken at 10–14 weeks
gestation, potentially represented an attractive
alternative to CVS. However, as its diagnostic
accuracy and safety were not known reliably, it was
recommended that early amniocentesis should be
subjected to the same rigorous evaluation as first-
trimester CVS, with no introduction into clinical
practice before the results of such an evaluation
could be made available.

A search of the Cochrane Database of Systematic
Reviews identified a systematic review of early
amniocentesis versus CVS undertaken by Alfirevic
and colleagues (1995b). The authors pointed out
that one of the major disadvantages of 16-week
amniocentesis was that a final result was normally
not available until after 18 weeks gestation, and 
that such a long wait could be very distressing for
the couples involved. A possible alternative method
might be that of early amniocentesis, carried out 
at 9–14 weeks gestation. This technique was very
similar to routine amniocentesis except that the
available pool of amniotic fluid was smaller (mak-
ing it technically more difficult) and less amniotic
fluid was removed making laboratory testing more
difficult (Alfirevic et al, 1995b). The objectives of
the systematic review were to compare the safety
and accuracy of early amniocentesis with CVS by
testing the hypothesis that amniocentesis at 
10–13 weeks gestation was as safe and accurate, 
in obtaining the correct prenatal diagnosis of 
foetal karyotypes, as transabdominal CVS
performed during the same period.

The Cochrane review was based on the data 
from the King’s College Hospital Trial (Byrne 
et al, 1991). Alfirevic and colleagues (1995b) also
noted a trial undertaken in Leiden but not in-
cluded in the review because it had not been fully
reported and many details were unavailable. The
King’s College Trial indicated that pregnancy loss
was more common after allocation to early amnio-
centesis, and that the increase in total pregnancy
loss could be ascribed both to an increase in spon-
taneous loss before 24 weeks and to an increase in
perinatal mortality after 24 weeks. It was thought,
however, that early amniocentesis was probably
technically less demanding than transabdominal
CVS, so that the frequency of undertaking
transabdominal CVS might have an effect 
on the levels of pregnancy loss.

Alfirevic and colleagues (1995b) argued that
although data from the King’s College Hospital
trial suggested an important increase in pregnancy
loss following early amniocentesis, it was not
possible to determine the true size of the effect 
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as the data were from one trial with only 
488 participants. They argued that the safety and
accuracy of prenatal invasive procedures might
depend on gestational age because of factors such
as changes in the size of the placenta, the amount
of amniotic fluid, the number of viable foetal cells
and the size of the coelomic cavity before it is
obliterated by the fusion of amnion and chorion.
They argued that it was also generally accepted 
that the number of complications decreased 
with advancing gestational age.

These authors drew attention to a particular
concern about early amniocentesis, namely a
possible adverse effect on lung development. 
They pointed out that as amniocentesis at about 
16 weeks was known to increase the risk of neonatal
respiratory problems, earlier amniocentesis might
have a more serious effect because a larger pro-
portion of the total fluid was withdrawn. Never-
theless, according to Alfirevic and colleagues
(1995b), the available data suggested that early
amniocentesis did not carry a greater risk than 
CVS performed at the same gestational age.

Alfirevic and colleagues (1995b) argued that, 
given the continuing concern about the safety 
and diagnostic accuracy of early amniocentesis 
and CVS, amniocentesis at about 16 weeks should
be considered the routine method for prenatal
diagnosis. They recommended that earlier use
should be limited to specific circumstances where
earlier diagnosis is required or to participation 
in further RCTs.

Economic evaluation of CVS
The three major RCTs (Canadian, MRC European,
Danish) and the large US study did not include any
financial analysis of the costs and benefits of CVS.
However, Mugford and colleagues (1985) pointed
out that the economic aspects of CVS and amnio-
centesis would have to form part of the decision-
making process. Incorporating an economic evalu-
ation as part of an RCT, rather than bolting it on
afterwards, would make the trial results more
accurate, valid, and easier to analyse.

Heckerling and Verp (1994) noted that an Italian
study (Marchese et al, 1986) had found that when
the costs of the sampling procedure, laboratory
testing and spontaneous and therapeutic abortions
were considered, the expected costs of CVS were
22% lower than those of amniocentesis. However,
assumptions concerning costs were not tested by
sensitivity analysis, so the generalisability of the
results remained uncertain. Also, because
effectiveness was not examined in the Italian 

study, comparisons of cost per abnormal birth
averted and cost per quality-adjusted outcome
could not be made for the two procedures.

Heckerling and Verp (1994) carried out an
economic study of amniocentesis and CVS for
prenatal genetic testing (in the USA). Decision
analysis was used to compare outcomes, costs, 
and cost-effectiveness of the two tests for a model
cohort of 100,000 pregnant women aged 35 years at
their expected date of delivery. The model assumed
that prenatal genetic testing would be performed
solely for the indication of maternal age. Utilities
were used for the quality adjustment of outcomes
of prenatal testing, with a maximum utility of 1
assigned to the birth of a chromosomally normal
child and a minimum utility of 0 to the birth of an
abnormal child. Other outcomes, such as spontan-
eous abortion, therapeutic abortion and maternal
morbidity were assigned utilities between 0 and 1.

Hospital and physician costs for prenatal 
services were obtained from University of Chicago
Hospitals’ charge data, with all charges in 1992
USA dollars. Direct medical costs were included,
such as the costs of prenatal care, amniocentesis,
CVS, spontaneous abortion, therapeutic abortion
and delivery. Indirect costs, such as time lost from
work for prenatal testing, were not included.

According to Heckerling and Verp (1994), based
on costs per abnormal birth averted, at all maternal
ages from 30 to 43 years, amniocentesis was more
cost-effective than CVS; at ages 44 and 45 years,
CVS was more cost-effective. However, if the anxiety
reduction provided by first-trimester diagnosis was
equivalent to a 0.2% risk of an abnormal child,
then CVS was more cost-effective than amnio-
centesis at all maternal ages. Based on data from
the 1988 US natality cohort, the policy of testing
women aged 35 and older would cost $103,329 and
$111,184 per abnormal birth averted for amnio-
centesis and CVS, respectively. If women aged 30
and over were tested, this would almost double the
cost. The authors argued that for either prenatal
test, targeting high-risk women for testing, and
striving for utilisation rates of 50% or higher,
appeared to be the most cost-effective policy.

In conclusion, Heckerling and Verp (1994) argued
that amniocentesis was more cost-effective than
CVS at most maternal ages, although the differ-
ences in cost per abnormal birth averted were
relatively small. However, when testing was under-
taken at older maternal ages, and intangible
benefits such as a reduction in anxiety due 
to the availability of earlier diagnosis were 
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considered, then CVS could become the more 
cost-effective procedure.

Media reports
Material on CVS retrieved by the Promt search
included articles in Newsweek and the Financial
Times. The report in Newsweek (22 June 1992) drew
attention to the fact that CVS had been implicated
in birth defects in a number of studies, adding that
some hospitals had put restrictions on offering
CVS. It suggested that the procedure was best per-
formed at facilities with considerable experience 
in CVS and concluded that alternative, less invasive
measures for genetic sampling of foetal cells were
under development but were years away from
clinical trial status. The Financial Times (12 January
1996) forecast that, within 2 or 3 years, a single
blood test could determine whether a foetus has 
a condition such as Down’s Syndrome, multiple
sclerosis or cystic fibrosis. The report pointed out
that although CVS could be performed at an
earlier stage than amniocentesis, it carried a higher
rate of miscarriage and that, for both procedures,
there was a chance of physical damage to the baby.

These articles may have discouraged some women
from undergoing CVS who would otherwise have
done so. Other reports appeared in more technical
journals, detailing companies that were developing
new techniques for prenatal testing.

Timing of evaluations
The reports of the three major RCTs (Canadian
trial, MRC European trial, Danish trial), and of the
large USA collaborative study in which random-
isation had to be abandoned, provide general
information on the reasons why the evaluations
were carried out at a particular time. The Canadian
Collaborative CVS–Amniocentesis Clinical Trial
Group (1989) stated that their multicentre
randomised trial was started in 1984 to ensure 
that CVS was not introduced in Canada before its
risks and safety had been assessed. As has been
previously noted, this trial was remarkable in that
CVS was only available in Canada to women who
participated in the study. Evaluation therefore
started early, soon after first introduction of CVS
into clinical practice, and diffusion was limited 
to trial centres until the trial was completed.

The MRC Working Party on the Evaluation of
Chorion Villus Sampling (1991) initiated their
European collaborative trial in 1985 because of the
emergence of first-trimester CVS as an alternative
to second-trimester amniocentesis; although CVS
had the advantage of allowing earlier diagnosis its
safety and diagnostic accuracy was not yet known.

Early discussions between groups considering local
trials and a national research centre specialising in
perinatal HTA led to the rapid establishment of an
MRC Working Party, which supported the develop-
ment of a trial protocol. Randomisation started
sufficiently early for many participating centres to
limit the availability of CVS to participants in the
trial. Another key factor behind the success of this
trial was the active involvement and support of the
relevant consumer groups.

The Danish randomised study, which compared 
the safety, efficacy and accuracy of transabdominal
CVS, transcervical CVS, and amniocentesis, began
in August 1985. The trial was limited to a small
number of operators with particular expertise in
transabdominal CVS. Since CVS was a recent
technical innovation, they wanted the methods to
be critically tested before they were routinely used.
The authors argued that medical ethics required
thorough investigation of the risks associated with
new procedures before they were introduced for
routine use, while stating that figures for the
learning periods would inevitably reduce the
apparent efficacy of the innovation.

In the USA, attempts to mount a large RCT also
started in 1985 but this approach had to abandoned
as the vast majority of women were reported to be
demanding CVS. In both the USA and Italy, where
randomised comparison with second-trimester
amniocentesis had been planned, investigators
instead chose to concentrate efforts on randomised
comparison of transcervical with transabdominal
CVS, starting in 1987 and 1986, respectively.

Studies of congenital limb reduction deformation
were prompted later by the report of Firth and
colleagues (1991). Quite rightly (Chalmers, 1987),
many investigators chose to use the case–control
design which is especially suitable for studying 
rare outcomes. These used a retrospective design 
to compare cases and controls in respect of their
exposure to CVS.

The timing of the major trials in
relation to CVS references in Medline
The annual number of references to CVS identified
by a search of the Medline database are shown in
Figure 4 (page 25), together with numbers of CVS
conferences by year, identified by searching the
Index of Scientific and Technical Proceedings 
and Medline. Against these are set the dates when
major trials were carried out – the Canadian
collaborative trial, the Danish trial, the MRC
European trial, and the large USA trial in 
which randomisation was abandoned.
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References to CVS first appeared in 1983, gradually
increasing until they reached a plateau between
1989 and 1993, since when the annual numbers 
of references  have been steadily declining. This
decline suggests that CVS no longer arouses the
same level of interest as it once did in the medical
literature and that it has either become established
in routine practice or, alternatively, is being used
less. Note that the annual number of references 
to CVS peaked several years after it had diffused
into routine practice.

Most of the data on CVS conferences was obtained
from the Index of Scientific and Technical Proceed-
ings. Although not an exhaustive list, it nevertheless
provides a useful indicator as to the numbers of
conferences taking place over this period, where
papers on CVS would have been delivered, the
technique discussed and information exchanged.
Figure 4 shows one conference in 1983, four in
1984, and six in 1985, with the numbers from 
1986 to 1992 varying between three and five
conferences annually.

Figure 4 also shows that the major randomised 
trials, and the large USA study, took place during
the period when the number of publications on
CVS was steadily increasing (with the exception of
1987). The Canadian trial began in 1984, the year
after the first references to CVS appeared, with 
the other major trials starting in 1985. In the USA,
an attempt to mount an RCT failed even though
this was only 2 years after the first CVS reports.

Patient preferences
Lippman and colleagues (1985) reported a survey
of women’s attitudes to CVS carried out at McGill
University, Montreal. The survey was intended to
identify those aspects of the procedure that made 
it more (or less) acceptable than amniocentesis to
women who were eligible for prenatal testing and
to provide data to help estimate the numbers of
women likely to participate in the planned
Canadian controlled trial.

In the absence of precise estimates of CVS-
associated risk at the time of the survey, almost
equal proportions preferred amniocentesis and
CVS. Whereas risk information was the most
important factor to women preferring amnio-
centesis, the timing of the test or nature of the
termination procedure was most important to 
those preferring CVS. The data suggested that 
the ultimate acceptability of the new procedure, 
by women aged over 35 years seeking prenatal
diagnosis, would depend on the risk associated 
with it. When CVS was stipulated to be only as

‘risky’ as amniocentesis, most women (82%)
expressed a preference for it. However, when the
risk of foetal loss following CVS was stipulated to 
be 5% greater than that following amniocentesis,
less than a quarter of the women (22%) continued
to prefer the new technique. McGovern and col-
leagues (1986) carried out a questionnaire study of
520 women who had previously undergone amnio-
centesis. Respondents who chose amniocentesis did
so because of the known low risk of spontaneous
abortion, while for those who chose CVS the major
criterion was that it was performed in the first
trimester. Similar experiences were reported in 
a study by Bryce and colleagues (1989).

Lippman and colleagues (1985) argued that since
the standard procedure for women seeking pre-
natal diagnosis was amniocentesis, only women
preferring CVS would be likely to enrol in an RCT
if it was not otherwise available. This was contra-
dicted by the experience of the large USA collabor-
ative study, where randomisation proved impossible
because of patient reluctance to participate in a
trial in which there was a 50% chance that they
would be assigned to receive amniocentesis. Here
too, given equivalent efficacy, cost and safety, both
pregnant women and their physicians would have
preferred first-trimester to second-trimester
prenatal diagnosis of foetal abnormalities 
(Rhoads et al, 1989).

Hamerton (1989) stated that as a result of an
agreement between centres delivering prenatal
diagnosis in Canada, CVS was only obtainable in
Canada through participation in the collaborative
trial. Thus women allocated to amniocentesis and
who found that unacceptable would need to travel
to the USA to obtain CVS, which did happen in 
a few cases. In contrast, Muggah and colleagues
(1987) stated that fear of a possible increased risk
of loss associated with CVS was the overwhelming
reason women gave for declining to participate in
the trial. However, most women who entered the
study accepted the rationale for randomisation 
but were often disappointed when assigned to 
the amniocentesis group.

Abramsky and Rodeck (1991) described a study 
in which 580 women were offered the chance to
join the MRC European trial and were given four
options: no test; definite amniocentesis; definite
CVS; or randomisation between amniocentesis and
CVS. They noted that CVS was more popular than
amniocentesis, timing being the reason why women
preferred it. In addition, all of the women who had
the option of choosing CVS outside of the trial
opted to make their own choice between CVS and
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amniocentesis, rather than being randomised; the
authors argued that this emphasised the woman’s
need to feel in control of her own pregnancy.

Physician preferences
Fahy and Lippman (1988) commented that women
who were eligible for the Canadian collaborative
trial of CVS versus amniocentesis often cited physi-
cian influence as a reason for refusing to partici-
pate. The importance of physician influence is
commented on by Muggah and colleagues (1987)
who undertook a randomised trial in Ottawa of
CVS versus amniocentesis. This trial began in April
1985 and continued for 15 months. Difficulty in
recruiting patients was reported, one of the major
problems being that 307 of the 440 eligible women
declined the trial and elected to have amnio-
centesis. The authors argued that their patients’
concern about risk might well vary with the atti-
tude of their physicians towards CVS, concluding
that the small number of patients enrolled did 
not permit any meaningful comparison of
amniocentesis with CVS.

In an attempt to measure directly physicians’
attitudes to and knowledge of prenatal diagnosis,
amniocentesis, CVS, RCTs and, specifically, the
Canadian trial, Fahy and Lippman (1988) under-
took a questionnaire survey of all registered obste-
tricians in British Columbia and in Montreal. The
response rate was 70%. Most physicians thought
prenatal diagnosis was important and that it was
their role to discuss and advise their patients on 
the matter. Physicians were split in their prefer-
ences for amniocentesis or CVS (32% versus 34%).
According to Fahy and Lippman, physicians who
thought CVS was too experimental, who were
hesitant about the Canadian trial or who were less
likely to discuss the study with patients, were older,
less likely to have participated in an RCT previously
and less comfortable with randomisation and
discussing uncertain risks with patients. Fahy and
Lippman (1988) concluded that because physicians
acted as gatekeepers, educating them about new
technologies and about randomised studies was
essential in order to ensure both the patient’s
access to a new procedure and the success of 
any planned RCT.

Discussion

In many ways the evaluation of CVS appears to 
have been exemplary. There was a rapid response
to its emergence by national and international
bodies. In some countries, randomised compar-
isons with the standard procedure, second-

trimester amniocentesis, started sufficiently early
for the availability of the new procedure to be
limited to participants in the RCTs. This was most
successful in Canada where it applied to all centres
in the country. Although this was attempted in 
both the MRC European and the Danish trials, the
fact that there were other clinical centres nearby
offering CVS outside the trial affected recruitment,
which eventually led to the Danish trial closing
recruitment. It is striking that the Canadian trial
started only a year after the first report of CVS
performed in a Western country and that the other
RCTs started only a year later. In retrospect, the
intervening year was one of rapid diffusion of CVS,
which is probably why it proved difficult to limit
CVS to trial participants in countries other than
Canada. The early timing of the trials in relation 
to publications in Medline are illustrated in 
Figure 4. The peak in publications was seen 
5 years later at about the time that the trial 
results were being reported.

Nevertheless, even as little as 2 years after the first
report of CVS and first call for RCTs, it proved
impossible to mount such a trial in the USA. The
reasons why the attempted RCT in the USA was
unsuccessful are uncertain. They are likely to be
related to physician and patient attitudes. Certainly,
in the MRC European trial, an important reason
why women agreed to participate was the support
given to the trial by a number of relevant consumer
groups, who actively championed it to women. In
contrast, in the USA, women were apparently
demanding access to CVS and physicians were
encouraging them.

Importance of retrospective
observational studies
Evaluation of CVS through large-scale trials was not
sufficient, however. Because of the very low risk of
serious limb-reduction deformities, the trials were
not large enough to identify a moderate increase 
in this respect. By the time that concerns had been
raised, CVS had diffused widely and further larger
trials would probably not have been possible anyway.
Less rigorous, observational studies using the retro-
spective case–control design were therefore appro-
priate. (Long-term follow-up of the children from
the trials may still be valuable, however, for assess-
ing more common but less serious possible adverse
effects, such as more subtle effects on limb develop-
ment.) The experience of CVS in this respect
reinforces the importance of continued, long-term
surveillance after the diffusion of a technology.

The finding of a completely unanticipated, serious,
long-term hazard also provides empirical support



Systematic review of diffusion and evaluation of CVS, focusing on factors influencing timing

62

for the argument of TC Chalmers (1975) that
‘randomising the first patient’ at least protects half
of the participants from what turns out to be the
worst treatment. In support of this, I Chalmers has
recently challenged the reluctance of some clin-
icians to randomise early because of the widely 
held assumption that new treatments are likely to
be superior (Chalmers, 1997). In the case of CVS, 
it can be argued that the women who participated
in the RCTs were better off than those who chose
CVS outside a trial.

The common argument against starting to
randomise very soon after the emergence of a 
new technology is that the technology may change,
making the results of an early assessment irrelevant.
The evaluation of CVS illustrates this to some
extent. During the recruitment periods of the 
trials, the transabdominal approach grew in popu-
larity as an alternative to the previous standard, 
the transcervical method. The Canadian trial, in
part because it was the first to get started, only
evaluated transcervical CVS and so its generalis-
ability is questioned. Because of the arrival of
transabdominal CVS, the protocol of the MRC
European trial was modified to allow operators to
choose whichever approach they preferred, which
made possible some, albeit indirect, comparison
between the methods. The results for centres using
the transabdominal approach were broadly similar
to those of the centres using the transcutaneous
method and this increased the study’s generalis-
ability. The Danish trial was the most reliable in 
this respect because it incorporated a three-way
randomisation, allowing a direct comparison
between the two CVS approaches, as well as 
with second trimester amniocentesis.

Nevertheless, the finding in the Danish trial that
the transabdominal method performed better 
may be an illustration of another issue in the
evaluation of a technology that requires dexterity,
that of skill/learning. The principal investigator
was one of the first to describe the transabdominal
approach and was one of its main proponents; he
also performed most of the CVS procedures in 
the Danish trial. This raises questions about the
generalisability of the results of this study to other
operators. Attempts to address the issue of skill/
learning in the other trials were fairly crude. There
was, however, no evidence in the MRC European
trial that outcome after CVS improved over the
course of the trial. Centres did appear to perform
differently (and the trial has been criticised for
this) but the numbers in individual centres 
were too small to assess this reliably and these
differences may simply have reflected chance
differences between centres.

Although the evaluation of CVS appears exemplary
in many respects, were the lessons learnt? In the
face of growing concerns about CVS, a new tech-
nique, early amniocentesis emerged as a possible
replacement for early diagnosis. Despite concerns
about possible adverse effects on foetal lung
development and foetal viability, early amnio-
centesis was widely adopted, especially in the USA.
Calls for rigorous evaluation through randomised
trials largely went unheeded. So far, only two trials
have been reported, one only as a letter. The
evidence that is available again indicates unex-
pected risks, again suggesting that the enthusiasm
of health technology innovators may be seriously
misplaced; HTA may therefore protect both
present and future patients.
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Summary
The purpose of this systematic review is to
investigate, within the general field of telemedi-
cine, when and how evaluations of the applications
of teleradiology and teledermatology have been
undertaken and to clarify the factors that have
influenced the timing of such evaluations.

Telemedicine can be defined as the use of
transmitted images, voice and other data to permit
consultation, education and integration in medi-
cine over a distance. Thus such systems can be used
to deliver, for example, radiology and dermatology
services to patients who are in a different place
from the consultant radiologist or dermatologist.
Most telemedicine activity to date has taken place
in the USA.

Although telemedicine has been around since 
the 1950s, the early programmes failed to achieve
physician and patient acceptance and were not
found to be cost-effective. As a result, when exter-
nal funding was withdrawn the projects ended and
popular interest declined. A cycle of technological
development leading to renewed activity, followed
by a waning of interest when expectations were not
realised, continued approximately every decade. A
resurgence of interest has occurred from around
1990 onwards, due to factors such as further tech-
nological advances combined with reduced costs,
programmes of healthcare reform emphasising the
need for improved efficiency, and a demand by
rural patients and physicians for equal access to
high-quality healthcare irrespective of location.

The development of telemedicine has essentially
been technology-driven. Technology providers 
have been keen to generate new markets for their
products by funding telemedicine research and
attempting to stimulate both medical and popular
interest in such applications.

The potential benefits of telemedicine included
immediate access to medical expertise no matter
where the patient was, more timely diagnosis and

treatment, and the elimination of the need for
patients and clinicians to travel long distances
between rural areas and urban medical centres.
Areas of concern included the threat of malprac-
tice due to misdiagnosis resulting from the use of
telemedicine, questions over the acceptability of
image quality, and the reluctance of physicians 
to become involved in telemedicine.

Reports of evaluations of telemedicine systems in
the literature have been primarily anecdotal and
descriptive. Teledermatology (first referenced in
Medline in 1992) seems to be a much more recent
application of telemedicine than teleradiology 
(first reported use in 1950 in the USA). Only one
RCT of teleradiology (as indexed by Medline) was
identified. Reports in the literature of teleradiology
and teledermatology projects generally gave no
indication as to the reasons for the timing of the
trials, or the details of why they were undertaken 
at a particular time.

Factors that appear to have influenced the timing
of trials of teleradiology and teledermatology
include the technology-driven, as opposed to
needs-based, nature of telemedicine development.
Thus projects have taken place, mainly focusing 
on technical feasibility, during periods when com-
mercial providers have injected funding. The short
time-scale and limited funding of many projects
made it difficult to develop and implement RCTs.
In addition, telemedicine projects generally served
sparsely populated areas, resulting in insufficient
patient contacts to provide statistically valid data.

Other factors which continue to affect the spread
of telemedicine, and therefore impact on the tim-
ing of evaluations, include the threat of litigation
and, in the USA, issues of licensing and reimburse-
ment. Damaging malpractice litigation because of
misdiagnosis through telemedicine might result in
reduced funding and restricted future develop-
ment. In the USA, physicians are licensed by indi-
vidual states and doubts over their legal status in
other states might act as a barrier to telemedicine
expansion. A further potential stumbling block 
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to widespread implementation of telemedicine in
the USA is the lack of reimbursement by the Health
Care Financing Administration.

Background

The concept of telemedicine
Telemedicine uses technology comparable to MAS,
in that clinical use is made of visual data delivered
using remote visualisation technology, that is, video
technology. This poses some similar problems in
terms of data interpretation and use. The generic
technology is also primarily under development 
in other industries and consequently inaccessible
for assessment purposes during periods of its evo-
lution. Telemedicine is also still a fast-changing
technology. For these reasons it was selected as one
of the six applications examined in this study.

Description of the technology
Merrell (1995) defined telemedicine as the use 
of transmitted images, voice and other data to
permit consultation, education and integration 
in medicine over a distance, while Perednia and
Brown (1995) argued that the defining aspect of
telemedicine was the use of electronic signals to
move medical information from point A to point B.
According to Coles (1995), telemedicine appli-
cations could be divided into the three categories
of remote diagnosis and consultation, continuing
medical education, and medical informatics.

The technology used to undertake telemedicine
ranges from telephones to satellites, to state-of-the-
art videoconferencing equipment. The fundamen-
tal components of a typical telemedicine network,
described by Bashshur and colleagues (1975) are:

• the geographic separation of the provider and
the client during the clinical encounter or of two
or more providers during a consultation

• the use of telecommunication and computer
technology to facilitate the interaction between
provider and client (or provider and provider)
as well as the transfer of information

• appropriate staffing to perform all the necessary
functions within such systems

• the development of an organisational structure
suitable for implementing telemedicine systems.

Applications of the technology
Coles (1995) argued that the various applications
of telemedicine could be categorised into three
user groups: store-and-forward, interactive systems,
and medical informatics networks. Store-and-
forward systems were used to transmit static 

images and audiovisual clips to a remote 
data-storage device, from where they could be
accessed by the medical practitioner for review 
and consultation. Store-and-forward systems had
the economic advantage over interactive systems 
of lower transmission costs, and could be used 
in applications such as teleradiology, where 
contact with the patient was not generally 
required (Coles, 1995).

In a typical interactive system, a coder–decoder
(CODEC) transforms analogue images to digital
information and compresses the data. At the
remote site, another CODEC decompresses the
signal and changes it back to the analogue form for
viewing on a monitor. A camera and microphone
would be located at each of the remote sites and at
the hub site. One camera is able to view the patient
and radiographer while the other transmits the
real-time image (Wright & Loughrey, 1995).

Development and diffusion
The development of telemedicine can be usefully
categorised into two time phases: the period from
the 1950s until about 1990, and the period from
1990 onwards. According to McLaren and Ball
(1995), telemedicine in its most basic form has
been around for over 30 years. Coles (1995) stated
that the early telemedicine programmes, however,
failed to achieve acceptance by patients and
physicians and were not found to be cost-effective. 
When external funding was withdrawn, therefore,
continuation of programmes was not viable and
popular interest in telemedicine declined.

The American College of Radiology define tele-
radiology as the electronic transmission of radio-
logical images from one location to another for 
the purposes of interpretation and/or consultation.
Teleradiology is by no means a recent development;
the first recorded instance was in 1950 (Gershon-
Cohen & Cooley, 1950).

The impact of hardware advances 
on adoption
McLaren and Ball (1995) pointed out that since the
introduction of the early telemedicine programmes,
each decade had witnessed a resurgence of activity
as new ways of generating images or transmitting
data were developed. They noted, however, that in
most cases once the technical feasibility was demon-
strated, descriptive reports were written and recom-
mendations made for further research, which in fact
rarely materialised. This cycle would then be repeat-
ed as new technology was developed, which offered
in turn even faster transmission of yet higher quality
images (McLaren & Ball, 1995). Expending time 
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and resources on systematic evaluation was less
attractive than trying out the next generation 
of equipment. Both the limitations of available
technology and suboptimal use of existing
technology contributed to unsatisfactory results.

An editorial in The Lancet (14 January 1995)
commented that the recent resurgence of interest
had yet to have a major impact on mainstream
medical services, while Perednia and Brown (1995)
argued that the recent growth of clinical tele-
medicine was now creating an increasing demand
for information about its safety, effectiveness and
clinical utility. Bashshur (1995) argued that know-
ledge of telemedicine’s true effects lagged far
behind the current rush to establish telemedicine
systems. He claimed that serious research and
evaluation were still in a phase of gestation, and
that it would be some time before hard data were
available to assist policy making in this area
(Bashshur, 1995).

The early phase
Coles (1995) commented that the technology used
in the implementation of the original telemedicine
programmes was often inappropriate, in ways vary-
ing from the under-utilisation of available resources
to the adoption of expensive interactive, broad-
band networks which exceeded operational needs.
In both cases, inappropriate usage rendered the
pilot projects economically impracticable. In add-
ition, the technology was constrained in terms of
transmission-relay, audio quality, and equipment
reliability (Bashshur, 1995).

In the USA, the National Aeronautics and Space
Administration played an important part in the
early development of telemedicine, providing
much of the technology and funding for early
demonstration projects (Bashshur & Lovett, 1977).
According to Grigsby (1995), the long-distance
telecommunications networks then available could
not support the wide bandwidth transmission
necessary for real-time videoconferencing. Com-
puting resources were costly and limited in speed,
power and flexibility so that, as with earlier pro-
grammes, when funding ran out the projects 
could not be sustained.

Maclean (1996) argued that throughout the 
1970s adventurous technology-driven telemedi-
cine projects resulted in the creation of more
problems than solutions. Difficulties included
unexpectedly high costs, inadequate training for
remote practitioners and unfulfilled expectations
of the health professionals involved. As a result 
of these difficulties, from about 1978 until the 

mid-1980s, few studies were undertaken on
telemedicine. Coles (1995) pointed out that, 
with the exception of a 20-year-old telemedicine
programme in Newfoundland, none of the projects
implemented before 1986 had survived beyond
their original grant-funding cycle.

The second phase
Technological advances along with reduced set-up
and transmission costs saw a renewal of interest in
telemedicine in the late 1980s (Maclean, 1996),
with programmes implemented in Canada, Scandi-
navia and Europe (Coles, 1995). Nevertheless, by
1990 in the USA there were still fewer than ten
telemedicine programmes in existence (Perednia 
& Brown, 1995).

From about 1990, a resurgence of interest in
telemedicine took place (Maclean, 1996). Accord-
ing to Grigsby (1995), this renewed interest was
caused by the convergence of a number of econ-
omic and technological factors, including the
development of high-resolution video cameras 
and monitors, digitisation and compression of 
data, the development of powerful, inexpensive
and easy-to-use computing resources, improve-
ments in the quality and distribution of telecom-
munications networks and applications, widespread
interest in controlling healthcare expenditures 
and in reorganising the ways in which most people
received medical care, and economic and political
conditions which encouraged capital investment in
this sector. Coles (1995) also pointed to an increas-
ing demand for universal access to high-quality
medical care, irrespective of location. She claimed
that, as a result of such developments, telemedicine
had now become a workable reality, noting that in
1995 an estimated 110 active telemedicine pro-
grammes were recorded in the USA, together 
with significant activity in Europe, the Middle East,
and Japan. According to Smits and Baum (1995),
however, telemedicine is still in many ways in its
infancy. A search of the Telemedicine Information
Exchange on the World Wide Web undertaken in
February 1996 identified 45 active programmes
concerned with teleradiology, of which 42 were
based in the USA. A similar search on telederma-
tology identified six programmes, five of which
were based in the USA.

Objectives

The objectives of the review were to identify the
potential benefits and disadvantages of telemedi-
cine, to discover when and how evaluations of
teleradiology and teledermatology had been
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undertaken and to clarify the factors that
influenced the timing of those evaluations
including commercial pressures.

Search strategy

Literature searches were carried out primarily on
the databases Medline, Embase, and the Cochrane
Database of Systematic Reviews. The Telemedicine
Information Exchange on the World Wide Web was
also consulted. The database searches were supple-
mented with articles identified by other means,
including contact with experts in the field, hand-
searching of reference lists of key articles obtained,
and monitoring the contents of a small number of
medical journals in 1996 (see Appendix 1 for a
more detailed description of the search strategy,
criteria for inclusion, and methods).

Studies included

Potential benefits of telemedicine
One of the advantages of telemedicine, according
to Coles (1995), was the potential for universal
access to high-quality medical care, irrespective 
of geographical location. There were four key
classes of potential beneficiaries: populations 
with limited access to health-care; residents of rural
and remote areas; other medically under-served
demographic populations, such as inner city
communities; and finally, situations where there
were inequalities in the geographic distribution 
of healthcare providers.

Bergman (1993) argued that, in many cases, tele-
medicine provided medical care to communities
that did not have medical experts and speciality
services. The benefits included immediate access 
to medical expertise, no matter where the patient
was, more timely diagnosis and treatment, and the
elimination of the need for patients to travel 
long distances from rural areas to urban 
medical centres.

Rinde and colleagues (1993) commented that
remote hospitals were able to gain access to new
services and specialist competence, and could
obtain consultations without sending patients to
regional hospitals. If difficulties arose, the remote
physicians could receive almost immediate assist-
ance from their specialist colleagues. By this means,
telemedicine could break through the professional
isolation otherwise associated with geographical
separation. However, all these potential benefits
depend on an evaluation of the technology

confirming that it does, indeed, confer net benefits
on these groups.

Potential disadvantages of telemedicine
By its very nature, widespread adoption of
telemedicine could impact on many aspects of 
the healthcare delivery system. A number of areas
of concern and potential drawbacks to the wider
implementation of telemedicine have been raised
in the literature, including legal and funding issues,
image and, hence, diagnostic quality, and user
acceptance in general. An editorial in The Lancet
(14 January 1995) drew attention to a few of these
possible drawbacks. There was some suggestion 
that diagnoses based on transmitted images might
be less accurate than those based on the originals.
Also, patients might increasingly demand specialist
consultation, such that the telemedicine pro-
gramme might not be able to satisfy the demand.
In addition, specialist telemedicine centres would
probably be expected to provide a fast service, as
undue delays would question the viability of the
programme compared with alternative options.

McLaren and Ball (1995) argued that although
telemedicine had been presented as offering both
education and service delivery to isolated practi-
tioners, these aims might conflict where a tele-
medicine provider sought to increase demand 
for remote diagnostic services. In such a scenario,
remote practitioners might be less inclined to
develop their own skills, resulting in a shift towards
high-cost diagnostic practice. Coles (1995) argued
that the technology-driven nature of telemedicine
development had created problems of user-
functionality, and that changes in approach were
needed to ensure that the system was designed 
for the needs of the patient–physician interface.
Another drawback, according to Crump and Pfeil
(1995), was that the normal telemedicine consult-
ation was more time-consuming than the
equivalent on-site encounter.

To allow fast transmission of images, Wright and
Loughrey (1995) pointed out, the data for digital
images had first to be compressed. In general
terms, greater compression resulted in faster
transmission but also led to a higher risk of data
loss. Computed tomograms and magnetic reson-
ance images were readily compressible because
they remained of diagnostic quality even when
reconstructed with relatively low resolution. How-
ever, standard plain film radiographs could tolerate
much less compression if they were to remain of
diagnostic quality, and Wright and Loughrey
commented that radiologists remained divided 
on whether the detail of the received image was 
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of an acceptable standard. An article in the
Electronic Engineering Times (29 April 1996) claimed
that the biggest technical obstacle to widespread
expansion was the lack of a fully functional broad-
band network which could transmit voice, video
and data at an affordable cost. Thus, there are still
questions as to whether the technology and the
infrastructure are sufficiently well-developed to
support widespread adoption.

There is also the question of ‘who will pay?’. With
specific reference to the USA, Bergman (1993)
argued that one of the current obstacles to wide-
spread implementation of telemedicine was the
lack of reimbursement by the Health Care Finan-
cing Administration on a national level. This, 
along with physician reluctance to use telemedi-
cine systems, was seen by Grigsby (1995) as being
responsible for the low volume of telemedicine
consultations associated with most of the 
existing programmes.

Another significant potential issue is the threat of
malpractice litigation resulting from misdiagnosis
arising from the use of the telemedicine system. 
A related issue was the legal status of the specialist
consultant in a remote state (in the USA) or
remote country, in the case of international pro-
grammes. There may also be differences in the way
in which the law might apply to material in paper
and computerised formats. In addition, as more
specialists, physicians and other health profes-
sionals collaborate in telemedicine programmes
involving computerised systems, so the potential 
for misuse of data and breaches of data security
increases, as does the ever-present risk of 
system breakdown.

The question of potential costs has also been
discussed in terms of net benefits received.
Physician reluctance to become involved with
telemedicine might be due to one of the principal
drawbacks to its wider implementation, namely 
the lack of formal studies of cost-effectiveness
(Grigsby, 1995).

Media reports
Papers retrieved by the Promt search tended 
to concentrate on the telemedicine market and 
the opportunities perceived by the commercial
technology providers. For example, a report in 
the Electronic Engineering Times (29 April 1996)
forecast that telecommunications carrier revenue
from telemedicine would surge between 1998 and
2001, and that the biggest technical roadblock 
was the lack of a fully functional broadband
network that could transmit voice, video and 

data at an affordable cost. Other reports described
a proposed telemedicine system in Singapore,
discussed the potential of telemedicine to help
solve healthcare problems in the USA, consid-
ered the potential of telemedicine to generate
profits for technology providers, reported a
telemedicine trial in Hawaii, and commented 
on expansion into teleradiology services by
telecommunications companies.

The TeleMed 96 international telemedicine
conference took place in London in November
1996. Following on from the conference, Illman
reported in The Guardian, 26 November 1996, 
that long-distance medical treatment using video
technology and digital communications was 
becoming a reality for people who could not reach
a doctor. He noted that, although the ultimate
‘remote medicine’ occurred in outer space, tele-
medicine would also transform everyday medical
practice. A number of test applications of tele-
medicine were described, such as on aircraft, 
ships and off-shore installations, for use in medical
training, to aid the elderly at home, and for remote
diagnosis of heart scans. The article also referred 
to the savings made by a nurse-run minor injuries
clinic in London which had a video link to a Belfast
hospital with access to specialist doctors, thus
removing the need to employ doctors directly. The
overall tone of the article regarding the potential 
of telemedicine was very positive, which would 
have been conveyed to the general reader.

An article in The Economist (11–17 January 1997)
described a telemedicine service based at Hays
Medical Centre, Kansas, USA, that provided a
consultation service to a vast area of the western
Kansas plains. The telenursing part of the service
allowed more patients to be seen in the time
available, with substantial cost savings for televisits
compared with home visits. The article noted that
telemedicine offered huge potential savings, many
people in rural America looking upon it as a
miracle cure.

Attention was drawn, however, to the problem 
of reimbursement. The rules governing payment
for services performed under Medicare, the US
healthcare system, meant that the only appli-
cations of telemedicine that currently qualified 
for reimbursement were teleradiology and tele-
pathology. The article noted that the US Health
Care Financing Administration had only recently
begun a 3-year trial of Medicare reimbursement 
for teleconsultations in the states of Georgia, Iowa,
North Carolina and West Virginia. It is expected 
to be about 5 years before any recommendations
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arising from the trial are assessed and turned 
into law. This cautious approach is being adopted
because the federal government wants to know in
advance how much telemedicine is likely to cost,
once it is sanctioned under Medicare; if access to
expert consultation became much easier through
telemedicine, then the overall volume of service
might rise. This situation demonstrates how central
government, through withholding reimbursement,
can delay the widespread diffusion of a health
technology into routine practice, and can ensure

that adequate evaluation is undertaken before 
such diffusion is allowed to proceed.

Impact of on-going and new
technological developments
The driving force behind telemedicine develop-
ments has not been limited solely to advances in
communications technologies. Table 9 demonstrates
the way in which major technological advances and
inventions which have taken place in the socio-
political field, and in the telecommunications,

TABLE 9  Telemedicine – chronology of relevant technological advances made outside medicine

Decade Socio- Telecommuni- Micro- Video Other
political cations electronics

1940s • Co-axial cable developed • Black and 
(transmission distance) white television

1950s • USA Navy first • Telex arrived • Signal boosters 
bounced radio 1956 Canada invented (signal 
signals off the 1957 USA strength)
moon (66 words/minute 

• Start of Cold War = 50 bps)

1960s • Space Race • Digital technology • Colour television
• First satellites beginning to 

1960 Echo replace analogue 
1962 Telstar technology

1970s • First double polarisation • Large Scale • First video- • Advances in 
(multiple channel Integration (LSI) telephone battery 
capacity) satellite technology 1970 Bell System technology (no 
1976 Satcom invented (echo (maximum longer do 

suppression) distance 6 miles) satellites have 
two 44-day down 
times/year)

1980s • Global satellite • First ISDN • Personal • Pulse code 
networks public service computer modulation (PCM) 
1980 Ariane 1989 Singapore ‘arrived’ developed (detects 
1982 Delta 1981 (ZX81) only image 
1984 Titan movement)

1990s • De-regulation of • Widespread ISDN • PC developments • PC processing 
much of world • ‘Functioning’ (faster, smaller technology (video-
communications multi-channel ISDN and cheaper) conferencing 
networks • Arrival of WAN, increasingly 

• Spiralling demand MAN, LAN, with available, smaller 
for telecommuni- bandwidths up to units, and cost 
cations capabilities 50 Mbps down from 

• The ‘global £35,000/unit 
marketplace’ to £2500/unit 

in 5 years)

Future ?? Further develop- ?? Further world ?? ‘Feely’ glove ?? HDTV quality ?? New video 
ments of NHS standards agreed ?? Wrist watch videoconferencing compression 
purchaser- for telecommunication videoconferencing algorithms
provider dynamic technologies (H320)
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micro-electronics and video industries have allowed
physicians to follow in their wake. To this extent, 
it has not been the healthcare professionals who
have led the way in deciding when to evaluate
telemedicine but rather their enthusiasm has 
been stimulated by external factors. For example,
in the socio-political field, the 1960s ‘Space Race’
between the USA and the USSR, when both
superpowers were vying to be the first to land 
an astronaut on the moon, proved to be a major
source of funding and support for many early
telemedicine demonstration projects, such as
STARPAHC (Space Technology Applied 
to Rural Papago Advanced Health Care) 
(Fuchs, 1979).

In the field of telecommunications, a significant
milestone was the arrival in the public domain 
of the ISDN (integrated services digital network) 
in Singapore in December 1989. This enabled 
users for the first time to access on demand, multi-
bandwidth, pay-only-as-you-use videoconferencing
(Michaelis, 1990) and was, without doubt, the
catalyst that prompted the surge in interest in the
development, and subsequently evaluation, of
telemedicine in the 1990s.

Can information such as that provided in Table 9
allow for the prediction of future ‘leaps forward’ 
in the potential uses of interactive video for health-
care? For example, it can safely be speculated that
new video compression algorithms will arrive
during the next decade. Such a development in the
field of mathematics will have a significant impact
on future telemedicine developments, by virtue of
the fact that improved video compression will result
in better picture quality in relation to the available
bandwidth, in turn leading to enhanced image
quality in videoconferencing. This development, 
it could be argued, might be the catalyst for many
of the healthcare professionals who are currently
sceptical of telemedicine to become more open 
in their judgement.

Impact of commercially-motivated
technology providers
The main driving force in telemedicine appears 
to have been developments in communications
technology (McLaren & Ball, 1995; Maclean, 
1996). Coles (1995) argued that the impetus 
for the current resurgence of telemedicine 
was due, at least in part, to the self-interest of
technology providers, who were keen to expand
their traditional customer base and open up new
markets. By funding telemedicine research in
medical organisations and academic institutions,
telecommunications companies had succeeded 

in stimulating interest among the medical
community and the general public alike. This,
combined with an increasing demand for high-
quality health-care created by rural and chronic-
ally underserved populations had helped to
generate new markets for their products 
(Coles, 1995).

The source for much of the following information
on telemedicine technology providers is the mono-
graph by Coles (1995). Kodak was among the first
of the conventional imaging product manufac-
turers to recognise the opportunities presented 
by the changing market and the substitution of
hard copy media with digital equivalents; the
company has been a strong supporter of tele-
medicine and has funded considerable research
into potential markets. This development of gen-
eral software applications tailored to meet the
complete needs of customers operating within
particular sectors has made the healthcare 
industry an attractive market for software pro-
viders. The exceptional growth of Microsoft, 
the world’s leading independent software 
supplier, has ensured it a powerful position 
in the development of telehealth and on-line 
healthcare networks (Coles, 1995).

The resurgence of interest in telemedicine has 
also led to the development of providers who
specialise in offering independent solutions to
meet their customers’ requirements. WellCare is 
a prime example of these new telehealth solutions
providers, formed in 1992 to take advantage of 
the opportunities created by the commercial
demand for telemedicine services. WellCare
originally focused on the commercial provision 
of global teleradiology services. The success of
WellCare can be attributed at least in part to the
company policy of using existing technology to
provide immediate solutions, rather than con-
centrating on programmes concerned with
technological development (Coles, 1995).

AT&T is the largest provider of telecommunication
services in the USA. The company has funded and
participated in an extensive programme of tele-
medicine activity aimed at encouraging the wide-
spread introduction of such systems. AT&T began
marketing the Picasso® still-image phone in 1995 
as a diagnostic tool which would enable physicians
to send high-quality still images over standard tele-
phone lines, while simultaneously conducting a
real-time teleconsultation with a remote physician.
The Picasso phone has been successfully trialled in
a variety of medical fields, including dermatology
(Coles, 1995). The Cable Act 1984 resulted in the
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division of part of AT&T into local telephone
carriers, with the regional franchises allocated 
to Ameritech, Bell Atlantic, Bell South, Nynex,
Pacific Telesis, SBC Communications and US 
West. In addition to the telemedicine activities
undertaken by AT&T, these local operators have
also become involved in funding regional
telemedicine programmes (Coles, 1995).

Another major USA-based telecommunications
organisation, GTE, has placed ISDN technology 
at the centre of its telemedicine initiative, allow-
ing simultaneous voice and data transmission 
across the same line. The GTE telemedicine
initiative has concentrated on a number of
principal applications, including teleradiology 
and remote diagnosis and consultation. Sprint 
is predominantly a long-distance telecommuni-
cations carrier operating throughout the USA. 
The organisation has made inroads into a num-
ber of telehealth areas. Within Sprint’s tele-
medicine initiative, considerable emphasis 
has been given to the development and imple-
mentation of teleradiology systems (Coles, 
1995). Bergman (1993) drew attention to the
creation of some businesses specialising in
teleradiology services, such as Teleradiology
Associates, who interpret X-rays and other 
images for hospitals nationwide in the USA.

In the UK, BT (British Telecommunications), in
response to a growing demand for telemedicine
systems, has developed the CARE project, initiating
a series of telemedicine trials designed to gain an
insight into the potential impact of telehealth
services (Coles, 1995).

Coles (1995) argued that telemedicine, with its
demand for high bandwidth for the transmission 
of high-quality medical images, provided the tele-
communications industry and technology providers
with an expanding base of additional healthcare
customers to supplement the existing markets.
Further dramatic growth seems probable. An article
in Electronic Engineering Times (29 April 1996) fore-
cast that revenue from telemedicine was expected
to surge between 1998 and 2001. The Insight
Research Corporation of Livingston, New Jersey,
USA, estimated that health information networks
would generate almost $2 billion in telecommuni-
cations carrier revenue alone by the year 2001, not
including the revenue from equipment and soft-
ware needed for telemedicine applications. Thus
there has been a strong profit-oriented technology
push from manufacturers, although clearly there
has also been a degree of receptiveness on the part
of healthcare providers.

Evaluation of telemedicine
There is growing awareness of the need for proper
evaluation of telemedicine applications. McLaren
and Ball (1995) reported that, despite rapid tech-
nological advances, evaluations of telemedicine
systems had nevertheless been largely superficial.
Also, as Tangalos (1995) stated, although tele-
medicine had been in existence for a good number
of years, most published accounts of such projects
tended to be descriptive; proper clinical trials were
necessary to validate the claims for telemedicine
systems which were being made by their current
proponents. The view that most recent tele-
medicine reports were simply descriptive, with 
little precise reporting of the technology used, 
was echoed by Crump and Pfeil (1995); most
recently published studies were small and, 
typically, included fewer than ten patients. They 
argued that the issue of the cost-effectiveness of
telemedicine had to be addressed, with analyses
including not only hardware and operating costs
but also the costs to patients and physicians in
terms of time and transport. The dearth of
systematic empirical research regarding the true
effects of telemedicine on the cost, quality and
accessibility of care had left the field ripe for
speculation and opinion (Bashshur, 1995).

The bulk of studies on telemedicine which had
been undertaken were confined to North America,
with only a minority taking place in Europe or
elsewhere (Maclean, 1996). He also noted that
almost without exception these studies were pilot
projects, written up in the clinical literature as
anecdotal reports.

A recent attempt to review the technology
systematically found the body of data available 
to be unsatisfactory. Coles (1995) reported that, in
1993, the American Agency for Healthcare Policy
and Research commissioned a study investigating the
potential benefits of telemedicine in the USA. The
primary aim was to establish whether the provision 
of health services using telemedicine was medically
safe and effective. The first phase of the project was 
a comprehensive review of the literature on tele-
medicine, which found little material on the effec-
tiveness of telemedicine. The second phase included
a series of case reviews of established telemedicine
programmes throughout the USA to evaluate the
current status of telemedicine. The third phase was 
a study of quality assurance, utilisation review and
payment policy. The extension of Medicare cover to
include telemedicine services was rejected by the
authors of the study on the grounds of the experi-
mental nature of the applications and the lack of
methodologically sound research (Coles, 1995).
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Evaluation of teleradiology
Hardware aspects
Initial research, using satellite as the transfer
medium, was found to be both costly and tech-
nically demanding. Technological developments
have since made possible the transfer of images
along telephone lines, and hardware and software
costs have also fallen (Wright & Loughrey, 1995).
Although interactive videoconferencing systems
have received the most media attention, Wright
and Loughrey (1995) argued that many supporters
of teleradiology believed that the simpler, less
expensive store-and-forward systems would 
become the most popular choice.

Coles (1995) noted that with the recent prolifer-
ation of teleradiology programmes, concern had
been expressed about the integrity of digitised
images and their suitability for diagnostic evaluation.
Compressing the image is essential for the rapid
exchange of data across a network and the greater
the degree of compression, the faster the trans-
mission of the signal. The drawback is that as the
rate of compression increased, so too does the risk
of data loss, possibly compromising the diagnostic
accuracy of the image received by the remote
radiologist. Although computed tomograms and
magnetic resonance images have been shown to be
suitable for compression, Coles (1995) argues that
standard plain film radiographs could tolerate a far
lower ratio of compression before the reconstructed
image loses the required quality of resolution.

The American College of Radiology is the principal
professional body of radiologists, radiation oncolo-
gists and clinical medical physicists in the USA. In
1994, the College introduced a standard for tele-
radiology, for use by practitioners undertaking the
remote diagnosis of digitised medical images,
which defined goals, qualifications of personnel,
equipment guidelines, licensing, credentialling,
liability, communication, quality control, and
quality improvement for teleradiology. The intro-
duction of these guidelines had made a positive
contribution to the success of teleradiology and its
achievement of reimbursable status in the eyes of
the Health Care Financing Administration (Coles,
1995). However, Grigsby (1995) maintained that
professional opinion was still somewhat divided
over the effectiveness of teleradiology, although
acknowledging that its relatively widespread use
might be interpreted as a positive sign.

Descriptive studies
Information on a few of the many descriptive
studies of teleradiology to be found in the 
clinical literature is presented here.

Gayler and colleagues (1981) described a
laboratory evaluation of a microcomputer-based
teleradiology system, where 100 radiographic
examinations in total were interpreted by 
12 radiologists. Each radiologist interpreted 
50 cases, 25 in film mode and 25 in radiology
mode. The trial took place during July and 
August, 1980. The radiologists’ scores for findings,
impressions and confidence levels were significantly
lower for radiological images viewed on the tele-
radiology system; however, Gayler and colleagues
argued that the quality of the images provided by
the teleradiology system was high enough to
warrant further study. No information was given 
as to why the trial was undertaken at that particular
time, other than a general statement that the lack
of timely access to radiology services was a major
problem for millions of Americans in rural areas
and that increasing attention was being focused 
on the feasibility of using teleradiology to transmit
radiographic images over telephone lines from
underserved areas to consulting radiologists.

Gitlin (1986) described two American field trials
undertaken in 1982 and 1984 involving the armed
forces, with five medical care facilities participating.
The trials were undertaken in an effort to improve
radiological services to personnel on small bases
and ships at sea. It was also envisaged that the
successful development of a teleradiology system
not only would serve military personnel during
peacetime but would also improve medical care
under combat conditions. The 1982 trial results
indicated that the interpretation of the radio-
graphic films was more accurate than the tele-
radiology system but the results were sufficiently
encouraging to warrant a similar evaluation of a
system that would provide higher resolution. The
1984 field trial again reported superior accuracy of
radiographic film interpretations but it was argued
that the teleradiology concept continued to show
promise as a method of providing radiographic
services to certain populations.

Rinde and colleagues (1993) gave details of an 
on-going telemedicine project in rural North
Norway. Since 1988, Norwegian Telecom Research,
in collaboration with the University Hospital of
Tromsø, has been conducting a project in which
remote diagnoses have been made. The main
challenge was seen as giving patients access to
special expertise and medical services in a way
which was practical, economical and reduced 
the need to move patients away from their home
districts. An additional aim, by providing access 
to a support network, was to make the health
professions in rural districts more attractive.
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According to Rinde and colleagues (1993), the
University Hospital of Tromsø has, during the last
few years, gained experience with remote diagnosis
in a number of medical disciplines, including radio-
logy and dermatology. In radiology, trials were con-
ducted on expert consultation involving the use of
videoconferencing facilities and high-quality image
transfer between workstations. The image quality 
in videoconferencing was not good enough for dis-
playing all details and grey levels, and in order to
get diagnostic quality for a routine teleradiological
service it was necessary to use high-quality digitisers
and monitors. The system involved daily scanning
of analogue films, transmission of the digital
images to the hospital, diagnostic examination on 
a multiscreen workstation, and digital transmission
of dictated reports back to the local clinic.

Rinde and colleagues (1993) concluded that the
results so far had shown that teleradiology might
represent a viable solution for small clinics lacking
qualified radiologists, as well as for clinics with a
single radiologist who needed ready access to
colleagues. They claimed that the project had also
demonstrated that teleradiology could now be used
routinely to serve local clinics, with little loss of
picture quality and substantial gains in the quality
of care. However, McLaren and Ball (1995) argued
that although the North Norway project had run
successful pilot studies of remote diagnosis in
dermatology, radiology and other disciplines, 
the impact of telemedicine on the health of the
population was nevertheless still uncertain.

RCT of teleradiology
The literature searches undertaken identified 
only one trial of teleradiology which was classified
as an RCT (in Medline). The purpose of this study
by Scott and colleagues (1993) was to evaluate
whether radiologists performed equally well with
plain radiographs or digitised images displayed on
a video monitor in the interpretation of difficult
orthopaedic trauma cases. Interpretations from
film and those made from a teleradiology system
with a spatial resolution of 2.35 line pairs per mm
were compared in 120 difficult cases (60 with the
selected abnormality and 60 control cases). Seven
senior radiology residents and one radiology fellow
each interpreted 60 randomly ordered cases with
the teleradiology system (1280 x 1024 pixel moni-
tors) and 60 cases with the original radiographs.
The hypothesis to be tested was that radiologists
performed equally well with film images or images
on the teleradiology screen.

Full control of trials was not achieved because 
of the rapid change in available technology over

the period of the trials. In 1989, when the
teleradiology trial was planned, the system to 
be evaluated was considered ‘state of the art’. It
comprised a 0.210 mm spot-size laser digitiser and 
a 1024 x 1280 pixel monitor image display work-
station. The 1989 capital equipment and annual
operations and maintenance costs of the tele-
radiology system used were approximately $352,000
and $22,000, respectively (including transmission
and receiving sites). Scott and colleagues (1993)
reported that by July 1992, a state of the art tele-
radiology system for the interpretation of bone
fractures could include a laser digitiser with 
0.105 mm spot size and 2048 x 2560 line display
monitors. The cost of such a system in 1992 was
almost equivalent to the cost of the original 1989
system, so that over a period of 3 years the available
spatial resolution of the digitiser and display
monitors had doubled while the cost had 
remained fairly constant.

Although evaluation of the time required for
radiographic interpretation was not a primary
objective of the study, Scott and colleagues (1993)
pointed out that the cost-effective use of a radi-
ologist’s time was, nevertheless, an important prac-
tical consideration. They found that, on average,
interpretations with on-screen images required 
1.54 times longer than interpretations with film.
Because of the cumbersome nature of the image
manipulation features, participants often failed to
take full advantage of the contrast, brightness, and
magnification functions in all cases, which thus
placed interpretations with on-screen images at 
a disadvantage.

Scott and colleagues explained that the case-mix 
in the study was deliberately skewed towards more
difficult than average fracture cases, which would
dramatically accentuate any potential deficiencies
of the teleradiology system. They claimed that their
results indicated a need for special care in exclud-
ing the possibility of fracture, when using a tele-
radiology system with similar specifications to the
one used in the study.

The overall conclusion reached was that the
teleradiology system tested was unsatisfactory for
primary diagnosis of subtle orthopaedic images.
They acknowledged that lack of training and
experience of the system, which contributed to 
the poor results, might be related to a learning
curve associated with the use of digital display 
workstations (Scott et al, 1993). The published
report of the trial gave no specific details about
when it took place, how long it lasted, or the why 
it was undertaken at that time. It does, however,
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illustrate the difficulties of achieving satisfactory
RCTs with fast-changing technologies.

Evaluation of teledermatology
The literature searches identified few references 
on teledermatology but none that contained
reports of RCTs.

The rationale for adopting teledermatology
According to Coles (1995), skin disease accounts
for more than 2% of total global healthcare ex-
penditure. In the USA, approximately 80 million
people (30% of the population) have at least one
clinically significant skin condition. The incidence
of skin cancer, the most common dermatological
malignancy, is also continuing to rise around 
the world.

Coles (1995) noted that specialised dermatological
care was traditionally based in major urban centres.
The fact that many remote communities lacked
access to such facilities rendered them more sus-
ceptible to skin-related diseases. Local practitioners
did not possess the same level of expertise as their
specialist colleagues to provide accurate diagnoses
and the alternative was to send rural patients on
long journeys to specialist urban centres 
for examination.

Coles (1995) stated that teledermatology
represented a practical solution to the problems
associated with the unequal geographical distri-
bution of dermatologists. She argued that tele-
dermatology could be used to bridge the gap
between urban specialists and their rural counter-
parts by providing diagnostic expertise both to
meet consultation requirements and to increase
rural physicians’ knowledge through expanding
their practical experience of dermatological care.

Perednia and Brown (1995) described the Oregon
High Performance Computing and Communica-
tions Initiative. They explained that, as there were
only two dermatologists in the entire eastern two-
thirds of Oregon, for many rural residents this
meant that the nearest dermatologist was hundreds
of miles away. This teledermatology project was
designed to bridge this healthcare gap through the
innovative use of a store-and-forward telederma-
tology system, using high-speed computers, moder-
ately high-resolution colour cameras, wide-area
networks and full-colour digital image storage. 
The system was to be installed in three primary 
care clinics serving rural, dermatologically under-
served areas of Oregon. The images were to be
transmitted from the rural centre to a consulting
dermatologist at Oregon Health Sciences

University for review and discussion with the
primary care physician. The system was store-
and-forward rather than interactive, so there was
minimal disruption of the normal clinical routine
at either end. The project was expected to demon-
strate how teledermatology could enhance the
provision of dermatological care to rural areas 
of the USA (Perednia & Brown, 1995).

Plans for evaluation
Perednia and Brown (1995) commented that 
very little was known about dermatologists’ ability
to diagnose skin conditions accurately using elec-
tronic images. The basic research component of
the project was designed to verify the ability to
make accurate diagnoses based upon digital
images, and define the minimum technical
specifications needed to ensure that diagnostically
important information was captured. The final
result was to be a low-cost, store-and-forward
teledermatology system that would be subjected 
to field testing in the clinical phase of the project.
This would be undertaken in a series of steps. 
From the data collected, a prototype telederma-
tology imaging and transmission system would be
assembled that had been optimised to be maxi-
mally informative, easy to use and relatively
inexpensive to assemble.

Perednia and Brown (1995) explained that the
utility of the teledermatology system developed in
the basic research phase of the project would then
be evaluated in a 2-year clinical trial. The purpose
would be to establish whether this technology
would improve the process of healthcare delivery
by increasing information flow and reducing
isolation; improve the provision of dermatological
care; and increase the primary care provider’s
knowledge of dermatology. As in the basic research
phase, the clinical evaluation would proceed along
several fronts for the duration of the project. One
important goal would be to increase the overall
ability of primary-care physicians to recognise skin
cancers and other important conditions.

The report of the Oregon project gave no
information about when the project was to be
initiated or the expected numbers of patients.
Other than a general statement that the growth 
of clinical telemedicine was creating a demand 
for information about the safety, effectiveness, 
and clinical utility of such technologies, no 
reasons were given for the timing of the trial.

Rinde and colleagues (1993) gave details of the
teledermatology component of the Telemedicine 
in North Norway project. Before the project began,
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dermatologists in northern Norway provided an
outpatient service to small hospitals and health
centres. In the trial starting in 1989, this service 
was replaced by a videoconferencing link with 
the University Hospital of Tromsø. The general
practitioner’s patients were brought to a video-
conferencing studio at a local centre twice a
month. A dermatologist in the videoconferencing
studio at the University Hospital then received an
account of the patient’s condition from both
patient and doctor, and the camera was focused on
the area concerned. The dermatologist was able to
view either a live image or a high-quality still image.
A diagnosis would then be arrived at collaboratively
by the general practitioner (GP) and the specialist
dermatologist. One benefit of the system, in
addition to the dermatologist’s diagnosis, was an
expected improvement in the GP’s knowledge of
skin diseases, which contrasts with the prediction 
by McLaren and Ball (1995) that a GP would make
less effort to acquire expertise if telemedicine gave
easy access to a specialist. The system is now in
routine use and is to be extended to other remote
locations (Perednia & Brown, 1995).

As in the report of the Oregon project, no specific
information was given as to why the telederma-
tology element of the telemedicine in the North
Norway project was initiated in 1989, other than a
general statement that new ways were being sought
of using telecommunications to provide health
services in rural areas which were equivalent to
those available elsewhere.

Economic aspects
The costs of introducing and using telemedicine
have been met from a number of sources. Coles
(1995) pointed out that, owing to the increasing
demand for high-quality health-care from rural and
under-served populations, commercial providers
had sought to stimulate interest in telemedicine at
both medical and popular levels, through funding
programmes directed at hospitals, physicians and
patient populations. Technology companies saw an
attractive potential market in the provision of two-
way interactive video systems and the transmission
of high-quality medical images using expensive
broadband digital bandwidth. They had already
made major investments in the generic technology.
To use it in medical applications was a relatively
small additional cost. For this reason the medical
products did not have to carry the full cost of
developing the technologies.

Coles (1995) argued that as the average
telemedicine project required only intermittent 
use of high-capacity data systems, the expense 

of digital transmission was generally unjustifiable.
She pointed out that the developed world was
already connected by conventional telephone lines,
and data compression and decompression tech-
nology had enabled the utilisation of this existing
network. The on-going expenditure on infra-
structure for other applications was creating the
possibility of high-quality images in telemedicine
without additional investment.

Crump and Pfeil (1995) pointed out that the cost
of telemedicine technology was rapidly decreasing.
CODEC units that cost more than $100,000 just a
few years ago, now cost about $20,000. Video-
conferencing equipment (television monitor,
remote-controlled pan-and-tilt video camera,
CODEC, microphone, video recorder, and cabinet)
was available for $50,000–60,000, while store-and-
forward systems using slow-scan processors could 
be obtained for about $20,000.

Although continuing technological developments
were seen as being partly responsible for the
increase in overall healthcare costs, telemedicine
was nevertheless widely expected to lead to reduced
costs (Coles, 1995). Also, advocates of telemedicine
(Bergman, 1993) argued that costs should decrease
because fewer specialists would be needed and
there would be more reliance on nurse practi-
tioners and physician assistants. The critics’
response, however, was that there was no 
proof that this would occur.

In the USA, some telemedicine demonstration
projects had received state funding, while others
had received assistance from the Rural Health
Policy Office and the Federal Rural Electrification
Administration (Bergman, 1993). In the case of 
the Western New York Project, in which the Erie
County Medical Centre in Buffalo, New York, 
was connected to four rural sites, equipment and
telecommunications vendors had provided initial
funding for the project; however, the project was
now seeking further assistance to help pay for
videoconferencing and teleradiology equipment.
Thus equipment and project costs were being paid
for by the taxpayer but not from medical budgets,
while development and infrastructure costs were
met by other budgets (Bergman, 1993).

Publication trends
The number of references on teleradiology 
and teledermatology identified through a search 
of the Medline database are shown by year in
Figures 13 and 14, respectively. In the case of
teleradiology, the annual number of references
remained variable and relatively low until 
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about 1990, with a generally increasing trend 
discernible from then onwards, culminating 
in a major increase to 43 references in 1995. 
This reflects the cyclical pattern of telemedicine
development referred to earlier, whereby approxi-
mately every decade technological developments
generate new activity which subsides when funding
runs out and expected benefits do not materialise.

The upward trend from 1990 reflects the current
resurgence of interest in telemedicine. The total
number of references is very small, however, in
comparison with numbers retrieved for some 
of the other applications, such as laparoscopic
cholecystectomy. This may imply that interest is
restricted to a smaller user group, or it may be 
just the early stage of a rising trend.
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The first reference on teledermatology only
appeared in Medline in 1992 (Figure 14) and by
1995 the number of references (4) was still very
low. This suggests that teledermatology is a much
more recent development than teleradiology and
that either the current level of teledermatology
relative to teleradiology is still quite low or that 
any increase in the level of teledermatology
activities has yet to be reflected in the clinical
literature. Another possible explanation is that
when the main impact of applications is at the
primary-care level, publication may be sparser
relative to interest levels. Pressures to undertake
research and to publish are higher in teaching
hospitals than in general practice.

Discussion

Commercial organisations as drivers
A number of factors, common to telemedicine 
in general, appear to have influenced the timing 
of trials of teleradiology and teledermatology 
and the way in which they have been under-
taken. Telemedicine has historically been
technology-driven rather than needs-based 
and many projects have been funded by
commercial technology providers. Trials have
tended to focus on the technical feasibility of 
the system under investigation, rather than
focusing on aspects such as clinical efficacy and
cost-effectiveness. When results did not match
physician expectations, interest waned until the
technology improved, following which the cycle 
was repeated. To this extent the timing of trials 
has largely been dictated by each new wave of 
technological development. McLaren and Ball
(1995) noted that there was much current 
interest in teleradiology and a drive to develop
systems that would transmit digitised images of
radiographs and slides at higher and higher 
rates for remote examination. While there were
obvious attractions for radiologists in systems 
that allowed remote manipulation of real-time
images, they maintained that the benefits to the
patient and the impact on delivery of health-care
were less clear. It would be interesting in a future
study to determine whether other instrument-
based medical technologies show a similar 
pattern of trials, since they are likely to have 
the same commercial imperatives and incorp-
oration of generic technologies. In a number 
of cases, the introduction and evaluation of
telemedicine seemed to be motivated, at least 
in part, by a desire to imitate developments
elsewhere, although it may also have been 
driven by perceived need.

User population
Reports of telemedicine trials have tended to be
anecdotal and descriptive. This may be at least
partly because funding for projects is generally
provided only for a year or so, and such a limited
timescale would constrain the development and
conduct of a comprehensive RCT. This problem 
is compounded by the fact that because many
telemedicine projects serve sparsely populated
areas, numbers of patients within the trials are low,
making it difficult to generate sufficient patient
contacts to arrive at statistically valid results.
According to Smits and Baum (1995), only about
2000 telemedicine consultations in total were
undertaken in each of the years 1993 and 1994.
Perednia and Brown (1995) expected that future
telemedicine studies would require collaborative
efforts linking many remote sites. Hence the prac-
tical difficulties in setting up trials of a technology
whose advantage is its suitability for sparse popu-
lations mitigate against evaluation. This problem is
compounded when the technology is fast-changing
because accumulation of data over time is compro-
mised by the changing technical specifications of
the hardware and infrastructure.

Legal issues have also influenced the development
of telemedicine, especially in the USA where most
telemedicine activity has taken place. In the event
of damaging litigation, a reduction in funding 
of projects might ensue, restricting future tele-
medicine development. In addition, physicians 
in the USA are licensed state by state, which raises
questions over their professional status if remote
diagnosis of a patient in another state is under-
taken. The question of the professional status 
of telemedicine consultants also exists where
programmes serve different countries.

Reimbursement issues
In the USA, the Health Care Financing
Administration does not provide reimbursement
on a national level for telemedicine, which restricts
its wider expansion. Only teleradiology and tele-
pathology qualify for reimbursement by Medicare,
the federal healthcare system. The Administration 
has recently begun a 3-year trial of Medicare
reimbursement for telemedicine consultations in
the states of Georgia, Iowa, North Carolina and
West Virginia. It is expected to take about 5 years
before the trial recommendations are assessed 
and transformed into legislation (The Economist, 
11 January 1997). According to Smits and Baum
(1995), the Health Care Financing Administration
did foresee accessible health-care being provided
through telemedicine but stated that solid data 
was required to ensure that quality was not
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compromised. This is a chicken and egg situation
since substantial data is unlikely to be available
until reimbursement leads to wider use.

The current resurgence of interest in telemedicine 
is caused by a number of factors. The technology 
has improved and become more affordable. Health-
care reform in many developed countries has led to
an emphasis on the provision of efficient services

and a demand by patients and physicians in 
rural areas for access to high-quality medical 
care irrespective of location. Widespread expan-
sion of telemedicine, however, should be preceded
by adequate evaluations of efficacy and cost-
effectiveness. The outcome of such evaluations, 
if favourable, might encourage a more general
acceptance of telemedicine by patients and
physicians alike.
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Summary
The purpose of this systematic review is to
investigate when and how evaluations of diagnosis
of genetic susceptibility to breast cancer  have been
undertaken and to clarify the factors that have
influenced the timing of those evaluations. Liter-
ature searches, primarily on Medline and Embase,
were supplemented by articles obtained by other
means, such as contact with experts in the field,
hand-searching of reference lists of key papers 
and monitoring the contents of a small number 
of journals in 1996.

There are about 25,000 new cases of breast cancer
in the UK each year, of which up to 10% have a
heritable basis. Mutations of the breast-cancer
genes, BRCA1 and BRCA2, may account for at 
least 80% of families with a history of breast cancer.
Genetic tests can determine whether an individual
is predisposed to develop a disease such as 
breast cancer.

Genetic testing has raised a number of ethical, 
legal and social concerns. In the event of a positive
result, there is no clear action to take which would
effectively prevent the disease from developing. A
negative test result does not guarantee that breast
cancer will not occur. Notification of test results,
both positive and negative, can cause psycho-
logical distress. In addition, individuals who opt 
for genetic testing may leave themselves open to
insurance and employment discrimination. While 
it was being argued that genetic testing should
remain in the research setting until these issues
were resolved, companies such as Myriad Genetics
in the USA were developing commercial diagnostic
testing services to identify mutations of BRCA1 
and BRCA2.

Genetic diagnosis for predisposition to breast
cancer still seems to be at a very early stage as far 
as clinical trials are concerned. In 1994 in the 
USA, the National Centre for Human Genome
Research, together with the National Cancer
Institute, the National Institute of Nursing

Research and the National Institute of Mental
Health, jointly awarded more than $2.5 million to
research groups to answer some of the questions
surrounding genetic testing. Over a 3-year period,
11 research projects were to be funded. A major
information-gathering and evaluation project,
funded by the European Union, integrating several
European centres and coordinated at the Univer-
sity of Aberdeen by Professor N Haites, is in its 
early stages. Its aims include documentation and
evaluation of clinical services and management 
of familial breast cancer and preparation 
of guidelines.

Little information was found concerning timing 
of evaluations.

Background

Of the 25,000 patients in the UK who develop
breast cancer each year, the disease has a heritable
basis in up to 10%, with the most obvious indicators
being early age of onset and a family history of the
disease. Genetic tests can, in some cases, indicate
whether a person has a predisposition to develop-
ing such a disease. Individuals might wish to be
tested if there is a family history of breast cancer
and they are worried about contracting the disease
or passing it on to their children.

The predictive quality of the results of genetic
testing depend on complex laboratory procedures
and on the accurate interpretation of results. Tests
can vary in their ability to detect abnormal genes,
interpreting their results is often complex and they
may produce false-positive or false-negative results.
False-positive results indicate wrongly that the
mutant form of gene had been detected, while
false-negative results occur if the test failed to
detect a gene mutation when it was present.

The recent isolation of genes that increase a
woman’s likelihood of developing breast cancer
brought with it the possibility of testing large
numbers of people to see whether they carried 
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the predisposing genes (Lerman & Croyle, 1994).
Offit (1996) considered that inherited mutations 
of the breast-cancer gene, BRCA1, might account
for between a third and a half of hereditary breast
cancers and that, for women with inherited muta-
tions of BRCA1, the lifetime risk of breast cancer
might be as high as 90%. Mutations in the second
breast-cancer susceptibility gene, BRCA2, conferred
a similar risk of breast cancer to BRCA1 mutations
but with a lower risk of ovarian cancer (Yates,
1996). He argued that mutations of the genes,
BRCA1 and BRCA2, accounted for at least 80% 
of families with a history of breast cancer.

A number of ethical, legal and social issues
surround genetic testing. Being told of genetic
susceptibility to a disease such as breast cancer 
can affect individuals and families on a personal
level, as well as affecting employment prospects 
and acceptability for insurance purposes. One 
of the main reasons why genetic testing remains
controversial is that there is no clear way forward
once the test results are known. It could be argued,
for example, that in the event of a positive test 
little could be done to prevent the onset of the
disease, other than prophylactic mastectomy or
increased mammogram surveillance. A positive
result, however, could prove psychologically very
damaging for the individual concerned. One of 
the dilemmas in testing for BRCA1 is that the 
test’s usefulness seems to be confined to those 
with a family history of the disease. The BRCA1
gene is large and, as Yates (1996) noted, more 
than 100 mutations had already been identified,
scattered throughout the gene. Because the gene
had so many mutations, testing might not be
feasible for the general population.

Development and diffusion
In 1990, Marie Clare King mapped, by segregation
analysis, the first breast-cancer susceptibility gene
(BRCA1) to chromosome 17q21. Eeles (1996)
stated that the breast-cancer gene BRCA1 prob-
ably accounted for about 2% of all cases of breast
cancer, rising to 8% of all breast cancers in women
under 30 years of age. A second breast-cancer
susceptibility gene, BRCA2, has since been mapped
to chromosome 13q12. Whereas in 1990 genetic
researchers knew of only a few mutated genes that
caused disease, new gene discoveries are currently
being made on a weekly basis (Brown, 1996).

According to Sidebottom (1995), although the
sequencing of the BRCA1 gene provided the basis
for a DNA test of susceptibility for high-risk women,
there was almost universal agreement that this
would be premature outside a strictly controlled

research programme. There was a need to agree 
a coherent screening policy which might involve
regulation or licensing of testing. If this was not
done then market forces would predominate and it
would become very difficult to introduce a rational,
controlled and cost-effective programme.

Objectives

The objectives of this review were to identify the
potential benefits and disadvantages of diagnosis 
of genetic susceptibility to breast cancer, to find 
out when and how evaluations of this diagnostic
approach had been undertaken, to assess the
extent of commercial involvement and the role of
media reports, and to clarify, if possible, the factors
that influenced the timing of the evaluations.

Search strategy

Literature searches were carried out primarily on
the databases, Medline and Embase. The database
searches were supplemented by articles identified
by other means. These included contact with
experts in the field, hand-searching of reference
lists of key articles obtained, and monitoring the
contents of a small number of medical journals in
1996 (see Appendix 1 for a more detailed descrip-
tion of the search strategy, criteria for inclusion 
and methods).

Studies included

Potential benefits of genetic testing for
breast cancer
The arguments for and against genetic testing 
for breast cancer are complicated by the rapidly
evolving body of knowledge about the genes and
their relationship with the disease. In addition,
psychological effects on patients are recognised 
as important and, since these vary between indi-
viduals and between cultural groups, they are 
hard to assess.

According to Lerman and Croyle (1994), one of
the greatest potential benefits of genetic testing 
for breast-cancer susceptibility was the identifi-
cation of younger women who might benefit from
the initiation of mammography surveillance at an
earlier age and/or on a more frequent basis. They
also pointed out that notification of genetic breast-
cancer susceptibility can also motivate women to
adhere to recommended guidelines for breast-
cancer screening.
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Christensen (1996) also argued that the benefits of
genetic testing for BRCA1 included the possibility
of early detection through increased screening
surveillance. There was also the possibility of
prevention through prophylactic mastectomy or
ovary removal, although the effectiveness of these
approaches remained unproven. In addition, the
ability to keep track of patients who tested positive
could mean that they might benefit from any
effective preventive measures that were developed
in the future. Patients might also wish to have test
results available to aid in personal decision-making;
a final benefit of test results might be relief from
worry if the test was negative.

As a practical guide for the present, any family with
a history of cancer should be referred to a specialist
family cancer clinic, such as were now available in
most regions of the UK (Ponder, 1995). The clinic
would confirm the family history, provide advice
about the implications for other family members,
and recommend screening or preventive measures
where appropriate, and discuss the possibility of
genetic testing.

Potential disadvantages of genetic
testing for breast cancer
It is possible that at least four, and possibly more,
genes predispose women to breast cancer in differ-
ent families (Ponder, 1995). If no abnormality is
found in the genes that had been isolated, such as
BRCA1, predisposition might be due to another
gene and the test would then have provided no
benefit. There might also be strong and weak
mutations, associated with different degrees 
of risk and perhaps with different cancers. In
families with no extensive cancer history, the
potential for mistaken prediction of risk might 
be considerable.

Some of the potential psychological, social and
ethical issues related to screening were noted by
Bryant (1996). Particular difficulties with BRCA1
screening arose from the potentially uninformative
nature of the test, as many women with a negative
test would still develop breast cancer, while some
with a positive test would not. In addition, the
particular defect would be responsible for the
increased incidence in only a proportion of high-
risk families. Bryant (1996) also pointed out that 
in the event of testing positive, mammographic
screening was the only one of three commonly
recommended early-detection strategies (the other
two being clinical breast examination and breast
self-examination) found to be effective in RCTs.
Even then there was agreement on its benefit only
for women aged over 50 years of age.

Lerman and Croyle (1994) argued that discussing
the limitations and potential risks of genetic testing
for breast-cancer susceptibility might dissuade some
individuals from taking part. They argued that if
genetic testing went ahead without participants’
awareness of these limitations, they were likely to 
be disappointed with the results and might be 
more susceptible to the adverse psychological
consequences of testing.

Christensen (1996) noted that the quandary faced
by patients and physicians was that, while the test
might identify someone with a potentially high
likelihood of developing breast cancer in her life-
time, the question remained as to what interven-
tion, if any, might prevent onset of the disease.
Other concerns included the estimated possible
false-positive rate of 5–14%, making decisions 
about extreme interventions like prophylactic
mastectomy extremely difficult.

The potential negative consequences of testing
positive included depression or the anxiety of know-
ing one was at higher risk for breast and ovarian
cancer, physical and psychological harm that could
result from prophylactic mastectomy or oophorec-
tomy, potential discrimination in employment and
insurance, possible damage to personal and family
relationships, and anxiety over having possibly pass-
ed on the mutated gene to family members (Christ-
ensen, 1996). There were potentially unfavourable
consequences if the test was negative, including
undue reassurance, as the individual would retain
the overall risk of developing breast cancer applic-
able to all women in the population. A different
BRCA1 mutation might be carried, leading to a
higher risk. There was also the possibility that a
negative test result might cause the patient to feel
anxiety if other family members tested positive.

The above arguments illustrate the difficulties of
making straightforward decisions about the true
medical potential of the technology.

Commercial involvement
Eeles (1996) stated that although predictive 
genetic testing for BRCA1 would remain in the
domain of the cancer geneticist for the next few
years, it would soon impact on general oncological
practice. It was therefore important that the issues
of insurance for carriers of altered breast-cancer
genes and information for women at risk should be
addressed. It was important that the implications of
the test were understood and it was also extremely
important that genetic tests were not sold direct to
the public; test results should be conveyed only by
those who understood their implications.
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Eeles’ prediction has already been overtaken 
by events. Even at this early stage in the develop-
ment of genetic testing, business organisations 
have already signalled their intention to provide
such tests on a commercial basis. Because of the
problems discussed earlier, this has caused
considerable controversy.

McCarthy (1996) reported that the Genetics and
IVF Institute, a US company, had begun to offer
screening for a mutation in the breast-cancer gene,
BRCA1, despite the fact that many leading genetic
researchers felt that testing for the mutation should
be used only in the research setting until the true
risk of having the mutation was determined.

Christensen (1996) noted that the US company
Kaiser Permanente were developing an evidence-
based clinical practice guideline for the testing 
of individuals who may be carriers of a gene muta-
tion, BRCA1, which is linked to the development 
of breast and ovarian cancer. Part of the guideline
project was to include a confidential BRCA1 regis-
try to track Kaiser Permanente members who
decide to undergo BRCA1 testing or who may be
candidates for the test in the future. Kaiser Perman-
ente claimed that the guideline would also address
the need for psychological and social support for
each patient.

Myriad Genetics, a genetic testing company in Salt
Lake City, Utah, USA, recently announced it would
begin offering large-scale testing in late 1996 to
detect a mutated gene for inherited breast cancer,
BRCA1. It also announced that it was intending 
to develop a test that incorporated the BRCA2
gene, thus enhancing the ability to identify genetic
predisposition to hereditary breast cancer. Health
Service Journal (14 November 1996) reported that
Myriad Genetics was putting a genetic testing kit on
sale which would tell a woman whether she was at a
high risk of developing breast or ovarian cancer.
The test, which would use blood samples to look
for mutations in the tumour suppressing genes,
BRCA1 and BRCA2, was to cost $2400 a time. The
report pointed out that family doctors would lack
the counselling expertise to advise patients who
had tested positive, and what medical action was 
to be taken on testing positive was far from clear.
Another company, OncorMed, was already offering
limited BRCA1 testing services for use in research
settings for women at high risk.

Although companies such as OncorMed and
Myriad either are currently offering or plan to offer
testing for BRCA1, the usefulness such a test for the
general population remains controversial. The two

forms of genetic predisposition that have been
discovered (BRCA1 and BRCA2), account for less
than 10% of all breast cancers. For a woman with-
out a family history of breast cancer, negative
results are by no means a guarantee that she will
not develop breast cancer. In addition, some
women who test positive for BRCA1 or BRCA2 
will not go on to develop breast cancer.

Another issue is the cost of the test and who 
should be responsible for payment. Some insur-
ance companies might pay for such tests and then
raise premiums for those who tested positive. Some
people might therefore prefer to pay for the tests
themselves to avoid the risk of having their prem-
iums raised or their policies cancelled in the event
of their insurance company becoming aware of
their test results.

Regulation
In the USA, most new genetic tests do not need
Food and Drug Administration (FDA) approval. 
If a biotechnology company researches and uses 
a genetic predisposition test within its laboratories,
then FDA approval is not required. As an alter-
native to FDA approval, companies such as Myriad
Genetics are establishing institutional review boards
to guide clinical protocols. Josefson (1996) noted
that the FDA has stated that it has the authority to
regulate genetic testing but currently lacked the
staff to do so.

Evaluation of genetic testing for 
breast cancer
Little evaluation has yet been initiated but
considerable thought has been given to ways of
approaching the problems of genetic testing in
general, and some writers have considered the
breast-cancer case in particular.

Recommendations
Eyre and colleagues (1995) argued that the specific
mutations of BRCA1 that increased susceptibility
should be defined at the molecular level by study-
ing the blood and tumour samples from those
individuals already under study in large cooperative
groups and in the International Familial Breast
Cancer Consortium. Once the mutations which
accounted for a large percentage of the total num-
ber of expected breast cancers in this group were
identified, it would be feasible to expand the test-
ing to the high-risk families already identified in
the process of searching for BRCA1. They recom-
mended that studies should focus on positive pre-
dictive value, accuracy, reliability, sensitivity and
cost. They also suggested that before widespread
screening occurred, a limited cohort of people in
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the general population with and without a family
history of breast cancer should be studied to deter-
mine whether the BRCA1 mutations that occurred
in families with a history of cancer actually carried
the same risk of breast cancer as the general popu-
lation. It would also be necessary to address ethical
and practical issues related to false-positive results,
true-positive results, susceptibility to radiation and
whether it was possible to influence the course of
the disease (Eyre et al, 1995).

A conceptual model for genetic testing for breast-
cancer susceptibility was described by Lerman and
Croyle (1994). This model addressed the three key
psychological and behavioural issues of ensuring
informed consent for testing, minimising adverse
psychological consequences, and promoting 
breast-cancer prevention and screening practices.

As genetic testing for breast cancer was initiated 
on a larger scale, it would be critical to conduct
carefully designed studies to evaluate the impact 
of these programmes on psychological status and
cancer prevention and control practices. Lerman
and Croyle (1994) maintained that prospective
studies were essential to determine the psycho-
logical and behavioural impact of genetic risk
information. Assessments should be conducted at
multiple time-points, including before testing,
immediately after notification, at short-term follow-
up (3 months), and at long-term follow-up (1 year).
Critical outcome variables should include psycho-
logical status, marital and family functioning,
quality of life, health behaviours, reproductive
intentions, and healthcare use. Lerman and Croyle
noted that much of the early work on genetic
testing and counselling had focused on participants
in early pilot programmes, a group that may be
highly self-selected and whose responses might not
be representative of the entire at-risk population.

The second stage of psychological research on
genetic testing for breast-cancer susceptibility
should include controlled clinical trials of different
counselling protocols (Lerman & Croyle, 1994).
Because of unique aspects of breast-cancer causes
and prevention, counselling protocols developed
for traditional hereditary diseases might have
limited applicability to genetic testing for breast
cancer. As a result, it would be important to
develop and test new counselling approaches 
that varied in terms of the content, process and
timing of delivery of genetic information.

Stix (1996) reported that, in the USA, the National
Breast Cancer Coalition, the American Society of
Human Genetics and the National Advisory

Council for Human Genome Research had
recommended that testing be conducted only 
as part of an on-going research effort until issues
such as potential discrimination by health insurers
and employers could be resolved. Nevertheless, it
was expected that the tests developed by Myriad
Genetics and OncorMed would come into clinical
use in a few years’ time. Professional groups, such
as the American Society of Clinical Oncology, were
already breaking with the medical consensus to
oppose clinical testing outside a research study 
by recommending that testing be permitted for
anyone with a family history of breast cancer. Stix
also reported that the National Cancer Institute
had recently established a National Cancer
Genetics Network as a means by which patients
could join a research study being undertaken, 
and receive genetic testing and counselling.

Evaluations of attitudes
Watson and colleagues (1995) reported the early
experience of their group in BRCA1 testing by
linkage. The eligibility criteria were that there
should be at least four cases of breast and ovarian
cancer, including at least one ovarian cancer and
two young-onset breast cancers (below 50 years of
age) within a family. Two families (32 unaffected
individuals; 17 female, 15 male) entered the pro-
gramme and 25 individuals expressed an interest 
in taking part, but eight did not proceed. Of the
original 25, 11 women and four men attended for
pre-test counselling, two of whom did not proceed
to testing, leaving 13 individuals (ten female, three
male) who were tested. The main reasons for want-
ing the test were to help research and clarify the
situation for their offspring. Watson and colleagues
(1995) reported that general mental health assess-
ment indicated a slight increase in morbidity at
about the time of blood sampling. All participants,
however, reported that the information on genetic
testing was helpful. It was recommended that
individuals with an unfavourable result should be
offered psychological support, and that genetic
testing for a breast/ovarian cancer gene should 
be offered within a multidisciplinary team.

A study that examined interest in and expectations
about the impact of a potential genetic test was
reported by Lerman and colleagues (1994). The
participants were 121 first-degree female relatives
of ovarian cancer patients. The study design was
cross-sectional. Participants completed a structured
telephone interview on attitudes to cancer and
genetic testing, and self-reporting psychological
questionnaires to assess coping style and mood
disturbance. Overall, 75% of first-degree relatives
claimed that they would definitely want to be 
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tested for BRCA1 and 20% that they probably
would. One limitation of the study was that the
outcome was intention to receive a hypothetical
genetic test, rather than to participate in an actual
test. In addition, the sample size was small and, 
as participants were predominantly white and
middle class, the results might not be generalisable
to high-risk women in the wider community
(Lerman et al, 1994).

The conclusions of Lerman and colleagues (1994)
were that the demand for genetic testing among
first-degree relatives of cancer patients was likely to
be great, and that those who elected to participate
might represent a more psychologically-vulnerable
subgroup of high-risk women. They recommended
that before genetic testing was integrated into rou-
tine clinical practice, effective and ethical means of
obtaining consent and communicating genetic risk
information should be identified. In addition, the
development of clinical protocols should be guided
by empirical research that examined the psycho-
logical impact of testing on participants and their
families. Consensus guidelines for surveillance and
prevention of breast cancer among carriers also
needed to be established, including validated
methods for enhancing patient adherence. They
concluded that these issues would be best address-
ed if genetic testing for the BRCA1 gene initially
was conducted within the context of research that
carefully assessed the immediate and long-term
impact of risk notification (Lerman et al, 1994).

Evaluations under way
An article in the journal Oncology (volume 8, 1994)
reported that, in the USA, the National Centre for
Human Genome Research, along with the National
Cancer Institute, the National Institute of Nursing
Research, and the National Institute of Mental
Health, had jointly awarded more than $2.5 million
to research groups to help answer some of the
questions surrounding genetic testing. The 3-year
grants were to support 11 research projects in a
consortium coordinated by the National Centre 
for Human Genome Research’s Ethical, Legal, 
and Social Implications Branch. The consortium
format was designed to allow investigators to
compare findings along the way on issues common
to all of the projects, to reduce duplication of 
effort in the research, and to promote sharing 
of information.

The Fred Hutchinson Cancer Research Centre,
Seattle, was to provide genetic counselling and
DNA testing for the BRCA1 mutation in women
from families at increased risk for breast cancer.
This group would examine the impact of

alternative forms of counselling on womens’
perception of breast-cancer risk, decision-making
about DNA testing, and fears about breast cancer.
In a second project, the University of Washington
in Seattle would gather information about genetic
testing for cancer risks from women receiving
‘routine’ health-care, genetic service providers 
and primary care providers; the University team
would study how women reacted to receiving 
risk information on breast cancer based on their 
family history; and whether primary-care providers
differed from genetics professionals in their
approach to counselling about the genetic 
risks for breast cancer.

The Fox Chase Cancer Centre, Philadelphia, was 
to study the use of oncology nurses as the primary
source of patient counselling about DNA testing 
for BRCA1 in an ethnically diverse population. 
The University of Utah, Salt Lake City, would study
how adolescent girls were affected by their parents’
testing for the BRCA1 gene. The Dana-Farber
Cancer Institute, Boston, Massachusetts, was to
develop, implement, and evaluate a programme 
in which teams of genetic counsellors and nurses
were educated to administer education and
counselling to families with the BRCA1 gene.

The University of Hawaii, Honolulu, was to study 
an array of factors that motivated or inhibited multi-
ethnic Hawaiin residents to seek DNA testing for
colon-cancer susceptibility; they would also look at
factors that affected intentions among multi-ethnic
health professionals to offer DNA testing for cancer
risk. The Johns Hopkins University, Baltimore, was
to assess both healthcare provider and patient ex-
pectations of what information would be discussed
when obtaining or giving informed consent for
predictive cancer testing. Based on their findings,
the group would then develop a model informed
consent protocol for use in BRCA1 testing. This
group would also to study social and psychological
factors behind a decision to be genetically tested in
people with a family history of colon cancer, and
would evaluate the impact of test results on cancer
surveillance and prevention behaviour.

The Anderson Cancer Centre, Houston, Texas, was
to characterise the psychosocial and behavioural
impact of DNA testing for hereditary nonpolyposis
colon cancer. Georgetown University, Washington
DC, was to study methods for educating and coun-
selling women with a family history of breast or
ovarian cancer who seek DNA testing for cancer
predisposition, and to assess the impact of alter-
native education and counselling strategies on
knowledge, decisions, psychological well-being, 
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and health behaviour. Finally, the Princess
Margaret Hospital, Toronto, Canada, was to focus
on the healthcare providers who delivered inform-
ation to patients seeking DNA testing for heritable
cancers. The results of this study would form the
basis for guidelines on disseminating health-risk
information to people undergoing DNA testing.

A major information-gathering and evaluation
project, funded by the European Union, integrat-
ing several European centres and coordinated at
the University of Aberdeen by Professor N Haites, is
in its early stages (Personal communication, 1997).
Its aims include documentation and evaluation of
clinical services, management of familial breast
cancer and preparation of guidelines.

Economic aspects
The costs of widespread testing have evoked
concern. Warshaw (1994) drew attention to the
costs of genetic screening for risk of breast cancer
in the USA and the question of who should be
responsible for payment. In addition to the cost of
the test itself, there were also costs involved in the
counselling required to obtain informed consent
and further counselling when the results of the 
test became known.

Ponder (1995) noted that BRCA1 was a very large
gene, with mutations scattered all over the gene
and different mutations occurring in different fami-
lies. The amount of work involved in scanning the
gene in each new family was likely to be consider-
able and, in the UK, there were no government
funds available to support such analysis. In addi-
tion, the fact that individuals would react in differ-
ent ways to the results of genetic tests might make
the adoption of standard protocols problematic,
while counselling tailored to individual needs
would be more time-consuming and costly. It was
improbable that research laboratories would be
able to undertake more than a few small research
series and, in the event of commercial laboratories
becoming involved, the cost to individuals could 
be hundreds of pounds.

The vast majority of work in the cancer
predisposition field, including molecular genetic
analysis and cancer genetics clinics, was research
funded (Evans, 1995). The author foresaw no
immediate prospect in the UK of a major govern-
ment cash injection to cope with what he expected
to be an inevitable increase in demand.

Until clearly defined benefits have been identified,
it will be difficult to justify the costs of routinisation
of this procedure.

Media impact
Genetic testing has attracted considerable media
attention over the last few years. A number of sig-
nificant issues have been raised. Ethical, psycho-
logical and insurance issues have been debated
extensively. Testing for breast-cancer susceptibility
has also received some specific coverage.

A report in the Financial Times (3 January 1995)
noted that the potential for discrimination based
on gene testing was especially strong in the USA,
quoting the example of a former school bus driver
who was refused health insurance four times. The
report concluded that until issues such as these
were addressed, the growth of gene testing in 
the USA would be held back. The Financial Times 
(24 January 1995) discussed genetic testing on
volunteers whose families had a history of cancer 
in order to identify whether those individuals were
predisposed to developing the disease. The report
also drew attention to the attitudes of health- and
life-insurance companies, and noted that the threat
of ‘genetic discrimination’ would be a huge
disincentive to population screening.

Beardsley (1996), writing in Scientific American,
described the human genome project and develop-
ments in genetic testing, noting that genetic test-
ing could cause psychological problems and leave
an individual open to discrimination. The article 
drew attention to the fact that the significance of a
positive test was less than clear. Nevertheless, com-
panies such as Myriad Genetics were planning to
offer BRCA1 testing to all women diagnosed with
breast or ovarian cancer and to their close relatives.
Beardsley pointed out that worries over health-
insurance discrimination have led to a trend
towards secrecy in genetic testing, or to individuals
avoiding taking genetic tests altogether.

Leonard, however, writing in Scotland on Sunday 
(21 January 1996), noted concern that potential
demand for genetic tests might outstrip supply, as
there were only about 200 trained geneticists and
support workers in Britain. She also drew attention
to the potentially huge cost of providing such
screening as part of the NHS, and to the dangers 
of health and employment discrimination as a
result of such tests.

Publication trends
The annual numbers of references to genetic
screening for predisposition to breast cancer identi-
fied through a search of the Medline database are
shown in Figure 15 (the MeSH term which covers
genetic testing is ‘genetic screening’). The search
strategy retrieved one early reference to the subject
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in 1978 (Purtillo et al, 1978), in which the basic
genetic mechanisms responsible for tumour form-
ation were discussed. Other than this, references
first began to appear in 1990, with the annual
numbers exhibiting a generally upward trend. Total
annual numbers are still relatively low, however, with
the figure for 1995 standing at 26 (as at October
1996). This suggests that the development of genetic
screening for predisposition to breast cancer is still
at an early stage in the diffusion process.

Discussion

The development of diagnosis of genetic
susceptibility to breast cancer has raised a 
number of important issues which evaluations need
to address. The ethical issues raised are complex
and require further exploration. The information
obtained is prone to inaccuracies. The interpret-
ation is difficult to communicate to the patient and,
in addition, no definite benefits can be offered. As
Christensen (1996) argued, a thorough process of
informed consent is an essential element of any
genetic testing procedure. This means that poten-
tial users need to receive and understand inform-
ation not only about the potential benefits but also
the limitations and potential risks of the technique.
This is not easy to achieve in this case.

Guidelines should be developed for communi-
cating genetic information about breast cancer
susceptibility or for providing recommendations
and follow-up care for identified gene carriers. 
As Lerman and Croyle (1994) indicated, these 
are needed because notification of cancer risk
could have serious negative psychological conse-
quences. Also, in the absence of proper counsell-
ing and follow-up, psychological distress might
potentially undermine adherence to recommend-
ations for surveillance and possible prevention.
Special training is also required for physicians so
that they can communicate information about
genetic testing to affected individuals and 
their families.

There is also a need to protect patient privacy 
and the confidentiality of test results. Although
confidentiality is required for all medical inform-
ation, it has particular relevance for genetic testing
because of the potential for discrimination in
employment or for insurance purposes
(Christensen, 1996).

The process of evaluation is still at an early stage.
The need has been recognised and initial assess-
ment projects have been funded. However, all those
involved are struggling with the complexity and
diversity of the issues they must address.
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Summary
The purpose of this systematic review was to
investigate when and how evaluations of gene
therapy for cystic fibrosis have been undertaken
and to clarify the factors that have influenced 
the timing of those evaluations.

Literature searches were undertaken, primarily 
on Medline and Embase. The database searches
were supplemented by articles obtained by other
means, such as contact with experts in the field,
hand-searching reference lists of key papers, and
monitoring the contents of a small number of
journals for 1996.

Cystic fibrosis is the most common lethal 
hereditary disorder among Caucasians, occurring
once in approximately 2500 births. It is caused by 
a chromosomal abnormality which affects chloride
transport across epithelial membranes, resulting 
in abnormally thick mucus. Individuals who have
cystic fibrosis tend to suffer from chronic lung
infections and lung damage is the usual cause 
of premature death, with few patients surviving
beyond 30 years of age. Gene therapy is a method 
of treating diseases by replacing the defective 
gene with a copy of a normal gene.

Evaluations of gene therapy for cystic fibrosis
include those by Zabner and colleagues (1993),
Crystal and colleagues (1994), Knowles and
colleagues (1995), and Caplen and colleagues
(1995). These were Phase I studies with small
numbers of patients, in which adenovirus-mediated
vectors were used apart from the study by Caplen
and colleagues, who used liposome-mediated
vectors. A difficulty with the use of an adenovirus
was the possibility of inflammation of the lower
respiratory tract. The studies generally reported 
a temporary improvement in function which then
returned to pretreatment levels.

By mid-1996 there were five clinical protocols 
in progress for gene therapy for cystic fibrosis in
Europe, and 11 in the USA. Adenovirus-mediated

gene transfer has tended to be used for initial trials
in the USA, while liposome-mediated gene transfer
has tended to be more popular in the UK and the
rest of Europe.

The reports of trials provided little or no
information about when they took place or the
reasons for their timing. Interview data and pub-
lished commentaries indicated that factors which
impacted on the timing of these trials, however,
included the strict and still-evolving centralised
regulatory process through which they had to 
pass, official concerns to ensure that a major new
technology be carried through to application, 
high levels of popular interest and concern about
genetic technology in medicine, the fact that gene
therapy is still at an early stage of development, 
the costs involved, and technical obstacles to
producing enough genetic material for transfer.

Background

Cystic fibrosis is a single gene disorder character-
ised by abnormal salt and water transport that 
leads to abnormal airway secretions, impaired
mucociliary clearance, chronic bacterial infection,
and premature death. A variety of epithelial tissues
are affected in this disease, including airway, pan-
creatic, sweat ductal, and gastrointestinal epithelia.
However, lung disease is the major cause of morbid-
ity and mortality in this disorder. For this reason,
and because of the relative ease of access to lung
tissue, initial gene therapy efforts have been
directed towards lung disease (Johnson, 1995).

Because cystic fibrosis is an autosomal recessive
disorder, the introduction of a normal copy of the
gene into the host cell should result in normal
transport function (Johnson, 1996). Retrovirus-
mediated gene transfer is the method used in most
currently approved human gene transfer trials in
the USA, although liposome-mediated gene
transfer is more popular in European studies
(Johnson, 1996). The factors affecting vector
choice are discussed below.

Chapter 8

Systematic review of diffusion and evaluation 
of gene therapy for cystic fibrosis, focusing on

factors influencing timing
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Wivel (1994) described the various methods of
gene transfer, noting that the demonstration that
retroviruses could transduce the vast majority of
dividing cells in a cell-culture system marked an
important step forward. Retroviruses can be inte-
grated stably into the genome of the host cell and
do not cause cell death as a result of infection. To
use this virus system for gene transfer, the structural
genes of the wild-type retrovirus are removed and
replaced with the therapeutic gene. Through the
use of specially designed packaging cell lines,
retroviral particles carrying the therapeutic gene
are produced, but these particles are unable to
replicate properly. Thus, the target cells become
infected and the vector carrying the therapeutic
gene is stably integrated but no infectious virus is
produced. Retroviruses can only infect dividing
cells, thus creating the problem of insertional
mutagenesis. For example, the integration site
could be involved in disrupting the function of 
a normal gene, activating a proto-oncogene, or
inactivating a tumour-suppressor gene. The latter
two events could predispose the patient to the
development of a malignancy (Wivel, 1994).

Another viral vector that has been approved for use
in patients is the adenovirus. Recombinant adeno-
viruses will infect non-dividing cells, and they can
be prepared to significantly higher concentrations
than retroviruses. Adenovirus vaccines have been
used in humans and have been shown to be safe 
in this setting. Constructs of an adenovirus and the
cystic fibrosis transmembrane conductance regu-
lator (CFTR) gene have been created for delivery
into the lungs of patients with cystic fibrosis 
(Wivel, 1994).

As an alternative to viral vectors, several physical
methods can be used to deliver DNA to cells. Such
approaches avoid some of the problems associated
with the use of infectious agents such as viruses, 
for instance, immunogenicity, but it remains to 
be determined whether these approaches are
sufficiently efficient and can produce long-term
expression of the desired gene product. One such
method for direct in vivo gene transfer uses DNA
that is complexed with cationic lipids or liposomes.
Proposed gene therapy studies on patients with
cystic fibrosis, to be performed in the UK, will use 
a liposome-DNA mixture to deliver the CFTR gene
to the epithelial cells of the lungs (Wivel, 1994).

Development and diffusion 
Hillman (1996) reported that the first clinical trial
of gene therapy began in 1990, and that since then,
more than 100 protocols involving gene transfer
have been approved by the US National Institutes

of Health. The majority of clinical trials currently
approved and on-going in the USA involve gene
therapy in the treatment of various cancers.

As of mid-1996, there were five protocols for 
gene therapy for cystic fibrosis studies in Europe
and 11 in the USA. Most of the US studies used 
an adenovirus, while a liposome-mediated vector
was the method of preference in Europe.

Wivel (1994) stated that a number of changes 
were needed before human gene therapy could
have widespread clinical use in the treatment 
of a disease. Gene therapy currently is a high-
technology treatment that is limited to a few
medical centres. It is labour intensive, requiring 
a molecular biology laboratory and employees 
with expertise in virology to prepare vectors.

Objectives

The objectives of the review were to identify when
and how evaluations of gene therapy for cystic
fibrosis had been undertaken and to clarify the
factors which influenced the timing of those evalu-
ations, including regulatory issues, commercial
involvement and media impact.

Search strategy

Searches for papers on gene therapy for cystic
fibrosis were made primarily on the databases
Medline and Embase. The database searches were
supplemented by papers identified through other
means. These included contact with experts in the
field, hand-searching reference lists of key articles,
and monitoring the contents of a small number of
medical journals, including Human Gene Therapy,
for 1996 (see Appendix 1 for a more detailed
description of the search strategy, criteria for
inclusion, and methods).

Studies included

Development of regulatory processes
Regulation of gene therapy is still evolving. While
regulators in the USA and Europe are imposing a
similar regime to that applied to ethical pharma-
ceuticals, special attention is being given to a 
close scrutiny of ethical issues, and to considering
whether new issues are raised by the nature of
invasive use of genetic technologies. Wivel (1994)
commented on some of the ethical issues involved
in gene therapy. Somatic-cell gene therapy is the
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attempted correction of genetic defects in any 
cells of the body except germ or reproductive cells.
The ethical issues surrounding germ-line interven-
tion are particularly complex. From a purely prac-
tical viewpoint, germ-line therapy might be more
efficient than somatic-cell gene therapy because 
it allows correction of the genetic defect in the
patient and in future generations, while somatic-
cell intervention must be repeated for each
generation. However, risks in the somatic-cell
approach are limited to one patient, whereas
genetic ‘mistakes’ in the germ-line approach 
might be propagated in subsequent generations.
There is also the unsettling possibility of using
germ-line technology for enhancement as well as
treatment of disease by, for example, using genetic
intervention to improve physical capabilities,
intelligence or physical appearance (Wivel, 1994).

The Medicines Control Agency, formerly the
Committee on the Safety of Medicines is the UK
statutory body responsible for all aspects of medi-
cinal products for human use. Assessment of
protocols by this agency is currently a prerequisite
of all gene-therapy trials in the UK.

The ethical issues underlying the principles
governing regulation of gene therapy trials and
humans were described by a UK Government
Committee (the Clothier Committee) which 
was formed in 1989 and reported in 1992 
(Clothier, 1992). This group continued to act 
as a Genetic Therapy Advisory Committee until 
the establishment of the Gene Therapy Advisory
Committee in 1993 (Caplen et al, 1994). This
Committee is seen as advising on both the ethics
and the scientific merits of gene therapy proposals.
As well as the Gene Therapy Advisory Committee,
local hospital ethics committees will continue to
consider the overall plan of the programmes of
work and the conduct of trials, with particular
reference to safety, discomfort, informed consent,
long-term follow-up and the protection of the
confidentiality of those taking part (Caplen 
et al, 1994).

In the USA, the Recombinant DNA Advisory
Committee (RAC) was established to develop
guidelines that establish the safest conditions for
different types of genetic manipulation and to pro-
vide oversight of the application of these guidelines
(Zallen, 1996). The RAC was set up in 1974 as a
committee of scientists, physicians, ethicists, lawyers
and consumer representatives (Ross et al, 1996).
There have been recent calls for its dissolution 
on the grounds that it was an anachronism whose
existence was hampering progress in the field, 

and that there were other mechanisms in place 
to review gene therapy experiments, such as local
Institutional Review Boards, and the FDA (Zallen,
1996). However, Zallen (1996) commented, the
serious inadequacy of many protocols submitted 
to the RAC showed that Institutional Review Boards
were not carrying out their function adequately;
many of the informed consent documents sub-
mitted with protocols were badly written and struc-
tured, contained confusing, highly technical jargon
which might mislead participants into thinking an
experiment was a cure, and were often vague as to
what risks were involved.

Commercial involvement
Concerns have been expressed that early entry 
of commercial organisations into gene therapy
development might have undesirable effects.
Panellists involved in a roundtable discussion of
socio-economic and ethical issues of gene therapy
concluded that this field of study needed time to
mature scientifically without pressure to develop 
a marketable therapeutic product (Hillman, 1996).
Another factor to be considered was that gene
therapy also held threats as well as promises for the
traditional pharmaceutical research and develop-
ment market. If gene therapy effected a cure for a
specific disease, this would inhibit the market for
drugs for that disease (Hillman, 1996).

These concerns have not prevented companies
targeting this area for product development. 
A number of large pharmaceutical companies 
have made investments in this technology, includ-
ing SmithKline Beecham and Novartis (for further
information, see the annual reports of these com-
panies). Many biotechnology companies have also
made major commitments. According to Wivel
(1994), 17 biotechnology companies in the USA
and Europe had made a commitment to the devel-
opment and commercialisation of gene therapy.
Although most of these companies have research
commitments, some firms had chosen to focus on
provision of services. Under the service arrange-
ment, cells would be sent to the company, the 
gene insertion procedures carried out, the quality-
control studies performed, and the cells returned
to the physician for reinfusion into the patient
(Wivel, 1994).

The US National Institutes of Health are spending
approximately USA $135 million each year fund-
ing extramural and $60 million on intramural
programmes in gene-transfer research (Touchette,
1996). Hillman (1996) noted that, as far as
commercial involvement was concerned, the 
need for short-term return in biotechnology
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financed by venture capital is at odds with the 
early development of the gene therapy field and
the need for more fundamental research in core
gene-transfer technologies. Private industry is
spending on average $200 million annually on 
gene research (Touchette, 1996).

From the standpoint of the venture capitalists who
provide funding to the biotechnology companies,
gene therapy is a high-risk undertaking with no
products on the market and no guarantees of
commercial success. Most of the biotechnology
companies are relatively small, the research is
labour-intensive and the costs of the research are
high. As a result, a pattern of alliance has already
begun to develop in which biotechnology
companies develop agreements with large
pharmaceutical firms (Wivel, 1994).

The biotechnology companies’ links are not just
with the large drug companies; they also have 
many close relationships with academic labora-
tories. Wivel (1994) reported that, in the USA,
there are a number of reasons for the close ties
between the academic community that is research-
ing gene therapy and private biotechnology com-
panies. One stimulus for the development of these
ties was a National Institutes of Health policy to
promote technology transfer, which encouraged
the creation of a number of collaborative research
and development agreements. Under such agree-
ments, private companies provide financing for
part of the research in the government or academic
institution and, in return, receive any patent rights
that result from the research. Almost all of the 
58 protocols approved by the RAC have some
support from biotechnology companies (Wivel,
1994). Thus the links between academic research-
ers and commercial organisations are being foster-
ed by US Government policy, which now strongly
favours the leveraging of its own considerable
investment in the technology by private sources 
of capital.

Factors affecting commercial success
It is not yet clear whether gene therapy will ever
provide efficacious and cost-effective treatments.
Apart from the uncertainties associated with the
still-underdeveloped technology, there are a
number of factors that will affect its ultimate
commercial success.

At least three factors would strongly affect the
ultimate commercial success of gene therapy
(Wivel, 1994):

• the cost of making the products

• the market size (gene therapy will need to be
effective for major diseases)

• the resolution of the patient issues related to
gene sequences, viral vectors, cell lines, and
other gene-transfer systems.

There is a requirement to produce high stocks of
virally derived vectors to a suitable level for ex vivo
or in vivo human gene transfer (Caplen et al, 1994).
Large-scale production is still limited, however, by
the need to use packaging cell lines and the diffi-
culty of defining the maximum acceptable level 
of contaminating wild-type virus. In contrast, the
plasmid DNA required for liposome-mediated 
gene transfer has been widely used and routinely
prepared in the laboratory for many years 
(Caplen et al, 1994).

Media impact
Genetic technology in medicine has received wide
coverage in the media in recent years. Gene therapy
has been one of the applications that has attracted
detailed interest. Touchette (1996) reported that the
heightened publicity about gene therapy coming
both from researchers and the media was already
prompting patients into making unwise and even
life-threatening treatment decisions based on false
promises. Overzealous reporting of gene therapy’s
success when no such success yet exists might lead to
the undercutting of public support for what might
be highly promising success. An article in The Econ-
omist (16 December 1995) also drew attention to the
fact that although gene therapy was promising, its
achievements to date had been overstated.

Welsh and Smith (1995), writing in Scientific
American, described how cystic fibrosis affects suffer-
ers and gave details of gene therapy developments.
Reports retrieved by the Promt search also contain-
ed details of existing treatment for cystic fibrosis
along with current advances in gene therapy. The
growing media coverage of cystic fibrosis, already
high compared with the non-genetic applications,
was noted in chapter 3. It will be interesting to ob-
serve whether this appears to impact on assessment
as the technology continues to develop.

Evaluation of gene therapy for 
cystic fibrosis
As of June 1996, there were five protocols for gene
therapy for cystic fibrosis studies in Europe, two
using adenovirus and three using cationic lipo-
somes (European Working Group on Human Gene
Transfer and Therapy Central Office, 1996). Ross
and colleagues (1996) noted 11 different protocols
for gene therapy for cystic fibrosis studies in the
USA. Almost all of the investigations have used an
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adenovirus as the vector, although in one study,
approved by the RAC but awaiting FDA approval, 
it was proposed to use a liposome vector.

The need for long-term reporting of side-effects 
of such a novel approach has been more readily
appreciated than in the case of more established
technologies. A roundtable discussion involving
specialists in gene therapy (Hillman, 1996) com-
mented that one unique aspect of gene-therapy
studies would be the on-going concern about long-
term adverse side-effects, since once a gene was
administered, it was difficult to retrieve it.

Caplen and colleagues (1994) described the
regulatory procedure used by their group to pro-
duce resources for the first stage of a Phase I trial of
liposome-mediated gene therapy for cystic fibrosis.
They drew attention to the fact that current labor-
atory studies strongly suggested that DNA transfer
may, in time, have a significant impact not only on
the treatment of single-gene disorders but also on
other more complex diseases, and that there was
increasing pressure to design clinical protocols
using this technology.

Research into somatic gene therapy has advanced
at an astonishing pace (Dorin, 1996). Dorin argued
that preclinical trials in relevant animal models
were vital for developing and refining safe and
effective strategies. Clinical trials had to be under-
taken at an early stage, as patients would present
species- and disease-specific challenges, and data
from such trials should then form the basis for
further rounds of laboratory-based research.

Caplen and colleagues (1995) argued that the
development of gene therapy for cystic fibrosis
patients required assessments both of the safety 
of the gene transfer system and the effects of trans-
gene expression on functional end-points such 
as the altered electrophysiology characteristics of
cystic fibrosis patients. Dorin (1996) commented
that most clinical trials of somatic gene therapy 
for inherited disease had been directed at cystic
fibrosis. Two approaches had been used to correct
the chloride-conducting defect in the disease:
adenoviral vectors and DNA-liposome complexes.
Both involved introducing the normal CFTR gene
into the cells of the respiratory tract. Because the
surface cells of the respiratory epithelium are
terminally differentiated, this delivery strategy
requires repeated treatment as new cell popu-
lations arise. Adenovirus-mediated gene transfer
has tended to be used for initial clinical safety 
and efficacy trials in the USA, while liposome-
mediated gene transfer has been the method 

of choice for initial clinical safety and efficacy trials
in the UK.

The target tissue for gene transfer that is most
likely to be of therapeutic benefit in cystic fibrosis
patients is the airway epithelium (Zabner et al,
1993). Because removal of airway epithelial cells,
transfer of cDNA in vitro, and reimplantation of 
the cells into the lungs appear impractical, gene
therapy will require treatment of airway cells in
vivo. Zabner and colleagues reported a trial which
administered an E1-deficient adenovirus, encod-
ing CFTR, to a defined area of nasal airway epithe-
lium in three individuals with cystic fibrosis. The
authors  elected to examine the efficacy and safety
of an adenovirus vector in the nasal epithelia of
patients with cystic fibrosis because this tissue had a
morphology and function similar to those of intra-
pulmonary airways and because nasal epithelium
manifests the cystic fibrosis chloride transport
defect. A reduction in baseline potential difference
(which is characteristically elevated in cystic fibrosis
patients) was seen in the area of nasal mucosa
exposed to the adenovirus vector. In addition,
cAMP-mediated chloride secretion was stimulated
compared with pretreatment values. These changes
returned to pretreatment levels after about 21 days.
No evidence of viral replication or virus-associated
adverse effects was found, even at the highest dose
tested. The major conclusion of the study was that
in vivo application of a recombinant adenovirus
encoding CFTR can correct the defect in airway
epithelial chloride transport that is characteristic 
of cystic fibrosis epithelia.

Zabner and colleagues (1993) noted that their
study contrasted with most earlier attempts at gene
transfer to humans, in that they administered a
recombinant viral vector directly to humans, rather
than using an in vitro protocol involving removal 
of cells from the patient, transduction of the cells
in culture, and reintroduction of the cells into the
patient. They postulated that additional studies
using nasal epithelia could be performed to answer
some of the questions about adenovirus and to
compare different means of delivery but, inevitably,
other studies would have to use other tissues, in-
cluding intrapulmonary airway epithelia in cystic
fibrosis patients. No information was provided 
in this report about the timing of the trial.

Crystal and colleagues (1994) reported that they
had administered a recombinant adenovirus vector
(AdCFTR), containing the normal human CFTR
cDNA, to the nasal and bronchial epithelium of
four individuals with cystic fibrosis. A transient
systemic and local syndrome was observed in the
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bronchial epithelium, which resolved with
symptomatic therapy and prophylactic antibiotics,
and was most likely caused by vector-induced
inflammation of the lower respiratory tract. Follow-
up at 6–12 months demonstrated no long-term
adverse effects. They stated that they had demon-
strated that it was feasible to use an adenovirus
vector to express the normal human CFTR cDNA
in the epithelium of the respiratory tract of cystic
fibrosis patients. Crystal and colleagues (1994)
pointed out that their study did not address
whether such therapy would be successful in
preventing the respiratory manifestations of the
disease, chronicity of expression or whether 
repeat administration would yield expression 
of the normal CFTR cDNA.

As far as the timing of the evaluation is concerned,
Crystal and colleagues had proposed a clinical trial
in 1992 to evaluate the administration of a CFTR
cDNA adenovirus vector to the epithelium of the
respiratory tract of individuals with cystic fibrosis.
Their primary goals were to evaluate safety and to
demonstrate in vivo gene transfer following admin-
istration of an adenovirus vector to the respiratory
epithelium, with escalating doses to different indi-
viduals. They had begun the first human gene
therapy trial for cystic fibrosis on 12 April 1993
(Crystal et al, 1994).

Crystal and colleagues commented that an
important lesson was that, despite extensive
planning, animal studies and thorough review,
preclinical studies did not necessarily predict the
response of humans (particularly individuals with
disease) to gene therapy vectors. Despite the lack 
of clinically evident toxicity observed in animal
studies, studies in humans, with viral vectors such 
as AdCFTR, should be approached with caution.
Nevertheless, they maintained that only studies 
in humans would permit the definition of the
‘efficacy–toxicity’ window relevant to gene 
therapy (Crystal et al, 1994).

Knowles and colleagues (1995) performed a
double-blind vehicle-controlled study to assess the
efficacy and safety of gene transfer to the nasal
epithelium of 12 patients. An adenoviral vector was
selected for the study, which used a dose-escalation
protocol. They reported no toxic effects at the
lower dose of vector but at the highest dose there
was mucosal inflammation in two of three patients.
They found molecular evidence of low-efficiency
gene transfer and expression of the normal CFTR
mRNA in nasal epithelium, but there was no signifi-
cant functional correction of abnormalities in ion
transport. They concluded that the problem could

not be overcome simply by increasing the dose 
of the vector, because the highest dose used was
associated with inflammatory responses in two of
three patients, also noting that in studies in animals
a wide spectrum of toxic effects at higher doses was
indicated. No information was provided about
when the trial took place.

Caplen and colleagues (1995) referred to the trial
undertaken by Zabner and colleagues (1993), in
which one patient had shown evidence of transient
adenovirus vector-induced inflammation of the
lower respiratory tract, and there was also the
possibility of a reduction in transgene expression 
as a result of developing immunity to the virus on
repeated administration of the vector. Because of
this, Caplen and colleagues argued that it was
clearly important that alternatives to viral-based
systems of gene delivery were assessed.

Caplen and colleagues (1995) reported the 
results of the first placebo-controlled double-blind
trial assessing the safety and efficacy of liposome-
mediated CFTR cDNA transfer to patients with
cystic fibrosis. Nine male patients received cationic
liposome and six male patients received only
liposome to the nasal epithelium. No evidence of
treatment-related toxicity was seen, and Caplen and
colleagues argued that the absence of any clinical
or histological changes correlating with the treat-
ments administered suggested that topical appli-
cation of DNA liposome complexes, at least up to
the quantity administered, was safe. A partial (20%)
restoration of the deficit between cystic fibrosis 
and non-cystic fibrosis patients was seen for the
response to low chloride ion perfusion following
CFTR cDNA administration. This was maximal
around day 3 and had reverted to pretreatment
values by day 7. 

The level of CFTR transgene expression and the
degree of correction of the electrophysiological
defect that would be required for therapeutic
benefit were unknown, according to Caplen and
colleagues (1995). They concluded that further
studies should aim to improve the efficiency of
gene delivery and optimising gene expression. 
The trial took place over a period of 42 days,
including recruitment (14 days) and evaluation 
(28 days), with long-term follow-up of patients
continuing at 3-monthly intervals. No information
was provided about when the trial took place.

Ross and colleagues (1996) reviewed the progress
reports of gene-transfer clinical trials taking place
in the USA as of June 1995. They noted that most
of the work in gene therapy for single-gene
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inherited disease has focused on cystic fibrosis.
They reported that the approach used in the 
11 protocols (by eight different investigators) and
applied to 53 patients was to transfer the normal
membrane channel gene, which is defective in
CFTR, into cells of the respiratory tract. Almost all
of the investigations had used adenoviruses as the
vector although one, approved by the RAC but
pending FDA approval, proposed to use a liposome
vector. The situation at the present time, according
to Ross and colleagues, was that in a minority of
patients treated the transferred gene had been
expressed in a clinically relevant location for times
between 9 and 14 days, although biological and
clinical improvement could not yet be evaluated.
They added that, if successful, this approach to the
treatment of cystic fibrosis would require periodic
administration of gene therapy because trans-
duction of an appropriate stem-cell population 
was not involved.

Recently published clinical protocols for gene
therapy for cystic fibrosis include the following:

• Boucher and colleagues (1994), Gene therapy for
cystic fibrosis using E1-deleted adenovirus: a phase I
trial in the nasal cavity

• Crystal and colleagues (1995a), Evaluation of
repeat administration of a replication deficient, recom-
binant adenovirus containing the normal cystic fibrosis
transmembrane conductance regulator cDNA to the
airways of individuals with cystic fibrosis

• Crystal and colleagues (1995b), A Phase I study,
in cystic fibrosis patients, of the safety, toxicity, and
biological efficacy of a single administration of a
replication deficient, recombinant adenovirus carrying
the cDNA of the normal cystic fibrosis transmembrane
conductance regulator gene in the lung

• Flotte (1996), A Phase I study of an adeno-
associated virus-CFTR gene vector in adult CF 
patients with mild lung disease.

Publication trends
The annual numbers of references to gene therapy
for cystic fibrosis identified through a search of the
Medline database are shown Figure 16. The first
reference appeared in 1987, after which there was a
lull and no references were retrieved for 1988 and
1989. References to gene therapy for cystic fibrosis
began to appear again in 1990, dipped slightly in
1991 and, since then, have been increasing stead-
ily. Over 70 references were retrieved for 1995,
although the number is still relatively small com-
pared with the annual number references for lap-
aroscopic cholecystectomy at its peak. The inform-
ation in Figure 16 appears to indicate that gene
therapy for cystic fibrosis is still in the early phase 
of a continuing increase in publication trends.

Discussion

In the USA, a panel of experts reporting on 
gene research to the National Institutes of 
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FIGURE 16  Medline references for gene therapy for cystic fibrosis



Systematic review of diffusion and evaluation of gene therapy for cystic fibrosis, focusing on factors influencing timing

94

Health voiced concerns that the great potential of
gene therapy might be undermined by efforts to
rush it into clinical trials prematurely (Touchette, 
1996). The panel pointed out that the field was in
its infancy and that many problems had to be
addressed before making major investments in
human clinical trials. It also noted that most stud-
ies had neglected to include well-defined clinical
end-points that would clearly indicate whether the
therapy is having the desired effect. This has not
discouraged academic and commercial enthusiasm
for moving into clinical trials.

Main clinical approaches
The studies indicated that there are currently two
main approaches to gene therapy for cystic fibrosis.
Liposome-mediated gene transfer has been the
vector system selected for initial clinical studies in
the UK, while clinical trials in the USA are using
adenovirus-mediated gene transfer. The problem 
of inflammation induced by the adenoviral vector
would seem to be a special problem with cystic
fibrosis patients, whose lungs are already damaged.
Dorin (1996) commented that the alternative
approach to gene delivery, using DNA liposome
complexes, avoided most, if not all, of these
immunological problems. It is still too early to
predict whether either or both of these 
approaches will be successful.

Timing
Little or no information was provided in the
reports about when the trials were undertaken 

or the reasons for their timing. It seems clear, 
however, that a major factor affecting timing 
is that the development of gene therapy is being
controlled much like that of a therapeutic drug,
and there exists a strict centralised regulatory
process which clinical protocols have to pass
through before approval to proceed is given. 
Thus, technical capability is determining the 
point at which trials are planned but the evolving
regulatory processes are deciding the dates at
which they are implemented. This slows the 
process of evaluation and allows time for reflec-
tion, which is not necessarily a bad thing where
unconsidered and novel problems, both practical
and ethical, are arising. It introduces yet another
dimension into the question of the timing 
of assessments.

Impact of commercial interest
Pharmaceutical and biotechnology companies 
have invested large amounts of money in the
expectation that gene-therapy treatments 
will eventually realise a commercial return; 
hence, there will be pressure from this sector 
to translate research findings into marketable
products at the earliest opportunity. It will 
be informative to study how these companies
attempt to bring pressure to bear on the 
regulators. In other cases, pharmaceutical
companies have been skilful manipulators 
of popular opinion. This development will
continue to offer an interesting case study 
for some time.
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Summary
The primary objective of this systematic review 
was to try to identify the optimal time at which to
initiate assessments of new and fast-changing health
technologies. A series of literature searches were
undertaken in an attempt to identify papers focus-
ing on, first, the general principles involved in
timing of HTAs and, second, reported assessments
of six specific medical applications. Reported
assessments of laparoscopic cholecystectomy, CVS,
teleradiology, teledermatology, genetic screening
for predisposition to breast cancer, and gene
therapy for cystic fibrosis were analysed in order 
to try to identify factors that influenced the timing
of those assessments. The six medical technologies
offered a number of useful paired comparisons
between those that were ‘tele-’ and ‘chromosome/
gene-’ based, and those that were new and evolving,
or relatively well-established. Since the literature
relating to the six applications contained little
information about the timing of the assessments, 
a number of interviews with key individuals were
undertaken. This provided important insights but
since this approach was not part of the original
research plan, it was highly constrained by the 
time limit. The results indicated that future studies
of this type should include more extensive use of
carefully selected experts to supplement the inevi-
tably limited information yielded by literature
reviews in an area which has attracted little 
previous attention.

A bibliometric study of publication trends in the six
applications was also undertaken, in an attempt to
identify points in the development of a technology
which could be used as indicators that assessment
should be initiated. The results were inconclusive
but further elaboration of the search strategy might
yield useful, if crude, prospective indicators.

The general conclusions of the study were that
assessment should be initiated early, using a 
variety of complementary assessment approaches.
There were problems associated with all methods
and, hence, a varied, empirical and iterative
approach gave the most reliable results. Methods 
of assessment and reporting should be more stand-
ardised from the earliest stages, to improve the
comparability of data. Resource issues should be

incorporated into assessments from an early 
stage. Trials should be randomised from the outset.
The precise point at which initiation of assessment
should take place was not identified, either through
the literature review or through the bibliometric
study. However, the bibliometric study produced
encouraging results. Further bibliometric research
is recommended on a larger number of established
technologies to detect whether there is a suffi-
ciently consistent pattern to the publication trends
of new and fast-changing health technologies to
allow identification of a ‘critical point’ at which
assessment should be recommended.

For all health technologies, more regular reporting
of outcomes and side-effects should be encouraged
during the period after assessment. In addition, as
initial steps, guidelines should be established to
standardise such reporting procedures and incen-
tives developed to encourage adherence to such
reporting procedures.

In areas where the technology is fast-changing,
reassessment should take place from time to time.
Again, the precise intervals were not identified and
further research is needed to develop useful cri-
teria for deciding when a technology has changed
enough to warrant reassessment.

Conclusions

The general consensus that emerged from the
review on timing was that:

• assessments should be initiated early
• assessments should use a variety of approaches 

to overcome some of the problems associated
with each method

• assessments should be iterative.

Chalmers (1975) recommended randomisation 
of the first sick patient to receive a new drug or
undergo a new procedure. He argued that it was
probably unethical for a clinician to ask certain
patients to forego their right to the standard
accepted therapy and to be treated instead by 
a procedure not yet sufficiently developed to 
warrant comparison with the standard therapy. 
It was acknowledged that the result of such an

Chapter 9

Conclusions and recommendations
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evaluation could prove to be less useful than
expected, taking place as it was against a back-
ground of on-going modification of the procedure.
The benefit lay in the fact that 50% of patients
(those randomised to standard therapy) would not
be subjected to the unknown risks of an unevalu-
ated procedure. These issues are illustrated and
discussed in the chapter on CVS.

In practice, the finite nature of resources for HTA
means that it is not feasible to evaluate all new
health technologies through RCTs. Black (1996)
drew attention to circumstances when RCTs might
be unnecessary, inappropriate, inadequate or even
impossible. The Department of Health (1992)
report also argued that observational studies may
be sufficient when a technology has a large and
clearly demonstrated impact.

While most assessment problems were exacerbated
by a high rate of change in a technology, they were
not qualitatively different. There were usually diffi-
culties associated with trying to obtain all the data
required for optimal assessments. Cost was a factor,
but others were also important. For example, it
emerged that ethical concerns could conflict with
the requirements of rigorous assessment. RCTs
might be terminated for ‘ethical reasons’ once
sufficient clinical data had been collected to con-
vince the investigator (of the usefulness or other-
wise of the health technology), even though further
trials might be needed to convince others or to
gain enough economic data.

Another important point that arose in relation to
economic impact evaluations was the difficulty of
reliably predicting the pattern of demand when a
new technology became available. This was partic-
ularly evident in the case of MAS, where substantial
capital and training investment was already being
made on the basis of predictions made a few years
ago that most surgery would use this approach
within the next few years. More recent evaluations
of laparoscopic cholecystectomy gave less positive
outcomes than earlier studies. This in turn could
be expected to lead to greater conservatism in
predictions of future demand. Telemedicine
applications were also expected to change the
pattern of demand, but the economic impact 
would depend on how service delivery was modi-
fied to deal with it. Thus economic evaluations
must make assumptions that can turn out to be
false and misleading.

The research questions posed in the Introduction
are discussed below in the light of the findings
reported earlier.

What general principles have been
reported as guiding the timing of 
HTAs in the past?
Complexity of the pattern
Depending on their stage of development, 
health technologies can, in theory, be classified 
as future (not yet developed), emerging (prior 
to adoption), new (in the phase of adoption),
accepted (in general use), and obsolete (super-
seded). However, in practice they do not always 
fit neatly into any one of these categories. Only
highly-regulated technologies such as pharma-
ceuticals are constrained into this straightforward
linear pattern with an orderly progression through
the above phases. Over their life cycles, less-
regulated health technologies develop and diffuse
in a much more complex manner and it is not
always possible to identify clear transition points
between phases.

Factors affecting complexity
When development is locally regulated, or
unregulated, innovators at different sites follow
different protocols in parallel developments. 
This leads to variations of the application and 
non-comparable development data. It also leads 
to the discovery of other applications at some sites,
followed by the pursuit of different development
paths leading again to divergence of the appli-
cations and non-comparable data. This may restrict
the possibility of accumulating sufficient rigorously
controlled trial results on any one application to
constitute adequate assessment.

Lack of regulation is not the only reason why
health technologies diverge. Many now in use 
were originally developed for applications outside
the health sector and have been incorporated
through a process of technology transfer. Tele-
medicine applications fall into this category. The
generic technology evolved in other industries in
parallel with any use in healthcare, and innovations
in these industries can be brought across into the
healthcare sector at any time when an application 
is identified. This means that phases of the evolu-
tion of the technology are invisible or difficult to
anticipate/predict for the healthcare sector and,
consequently, not accessible for assessment.

Thus, health technologies evolve in a complex
manner, which complicates the question of when 
to initiate assessment. There are also difficult 
value judgements to be made in fast-evolving
technologies about when an application is new, 
and when changes are too slight to warrant the 
title ‘new’ that would trigger the need for 
an assessment.
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Assessments of the six medical
applications – factors influencing timing
General factors which influence why, rather than
when, assessments are undertaken relate to the
need to demonstrate that a new health technology
is functionally capable, safe, works in practice, is
cost-effective, value-added, and socially, legally and
ethically acceptable.

Reviews of assessments of the six medical
applications were undertaken in an attempt to
clarify the factors that had influenced the timing 
of those assessments, and thus might prove relevant
to the wider debate on timing. Published reports 
of assessments on the whole did not give specific
reasons for their timing. Occasionally there were
general statements explaining why it was consider-
ed necessary to undertake such a trial, but more
often the published report consisted of a straight-
forward account of what had taken place. Never-
theless, an analysis of reported assessments of the
medical applications, and of existing reviews of 
the literature, when available, provided inform-
ation on a number of factors that appear to have
influenced the timing, directly or indirectly; these
factors are summarised below.

Product champions and opinion leaders pioneer
the introduction of new technologies into clinical
practice and their observational reports may lead 
to a situation where more widespread diffusion 
of such technologies occurs, as was the case with
laparoscopic cholecystectomy. Such novel proce-
dures may diffuse rapidly before they can be ade-
quately evaluated and this diffusion may place
constraints on the method of evaluation that can 
be used. It is therefore important that assessments
of new health technologies are undertaken before
diffusion takes place.

The extent to which regulatory control is imposed
on the introduction of new health technologies 
can also influence the timing of assessments. The
presence of such controls might have helped to
restrict the diffusion of laparoscopic cholecystec-
tomy, making a large and widely generalisable 
RCT feasible.

The source and level of funding for studies may
influence which aspects of a health technology 
are focused on and what type of trial is undertaken.
Many telemedicine applications were funded by 
the commercial telecommunications organisations,
who were perhaps more interested in proving that
the technology worked and stimulating demand 
for their product than in demonstrating evidence-
based benefits to patients. Short-term funding for

such projects may have led to the adoption of
observational rather than experimental study
designs, given the brief time-scale of such
evaluations. The timing of assessments is also
influenced by when technology providers make
funding available.

Media coverage undoubtedly has an influence
although it is difficult to predict exactly how this
will operate and, hence, it must be treated with
caution. One possible mode of influence is 
through generating favourable publicity about 
new, unevaluated health technologies, which can
lead to immediate patient or physician demands 
for the new technique; such was the case for
laparoscopic cholecystectomy, with its apparent
benefits of a smaller scar, less postoperative pain,
reduced hospital stay, and a more rapid recovery.
The implications of this example for timing are
that assessments need to be undertaken before
such media coverage exerts popular pressure on
purchasers to adopt the technology and dissuades
patients from participating in RCTs in case they are
randomised to the standard treatment. This, in
turn, requires innovators to be more cautious in
the claims that they make to the media. Random-
isation had to be abandoned in a large US trial 
in which CVS was compared with amniocentesis
because of difficulties with patient recruitment
(Rhoads et al, 1989) resulting from inappropriate
claims by doctors and subsequent public demand.

Another factor that affects the timing of
assessments is clinical uncertainty or equipoise, 
the situation in which a clinician has no preference
between the treatment options to be compared. 
As the period where a clinician has no preference
for either a new or a standard treatment may be
short, this has implications for the timing of assess-
ments in the form of RCTs. Clinicians may be pre-
pared to ask patients to participate in trials when
they (the clinicians) are genuinely uncertain about
which treatment is best. Once clinicians come to
prefer either the standard or the alternative treat-
ment, however, they may consider that, from an
ethical viewpoint, they have a duty to provide only
that treatment which they believe to be in the best
interests of their patients. This argument was given
as a reason for abandoning a proposed RCT of
laparoscopic versus open cholecystectomy (Neuge-
bauer et al, 1991). The counter argument, of
course, is that randomisation is a hedging, risk-
minimisation strategy when the true risks and
benefits are not known.

The existence of the clinical learning curve also
influences the timing of assessments of new
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technologies. It has been suggested that
assessments undertaken before clinicians have
acquired sufficient skill in a new procedure will
result in misleading findings on benefits and costs.
Postponing  an assessment until an appropriate
point on the learning curve has been reached will
largely dictate the timing of such an assessment.
However, this appropriate time can usually only be
recognised in retrospect and, when the stability 
of a new technology becomes obvious, clinicians
may no longer be prepared to randomise.

Finally, the fact that the development of some
health technologies is technology-driven or
commercially-driven rather than needs-based, has
impacted on timing to the extent that advances in
the technology, in conjunction with a reduction in
costs, have largely determined the timing of assess-
ments, as, for example, in the case of teleradiology.

Are the methods in use adequate for
new, fast-changing technologies?
Questions arose about whether the methods in use
were adequate for any technologies. These came
from a growing awareness that HTA had tradition-
ally focused very narrowly on clinical outcomes.
Now there were demands for a much wider range
of criteria to be addressed in assessments, including
social and ethical impact, effect on patterns of
healthcare demand and other issues.

The reviews reported earlier make it clear that HTA
can never be perfect under any circumstances. Best
practice uses a number of methods of HTA, rigor-
ously applied and reported, to achieve the most
satisfactory outcomes for patients, but even in com-
bination none of these methods is foolproof. Rare
side-effects are often only detected after extensive
use. New problems arise because of different
ethical and cultural concerns in different patient
groups. New patterns of demand created by the
availability of new techniques can invalidate
economic studies.

The problems with assessing the fast-changing
technologies examined here were not qualitatively
different, they were just likely to arise more
frequently during the development phase of a
technology. In the case of genetic technologies,
regulation restricted them to research use until
assessment gave satisfactory outcomes. Whether
they continued to evolve after a technology had
moved to routine use would be a function of the
level of regulation of the application.

Cystic fibrosis gene therapy is being developed
under tight central regulation comparable to that

governing drugs. If approved, it would be used in
an extremely constrained fashion. Any changes
would have to be subjected to extensive testing.
Genetic diagnostic testing for breast-cancer sus-
ceptibility, a non-invasive procedure, is subject to
less tight regulation but there is tight control on
diffusion. Telemedicine, on the other hand, is 
only beginning to be assessed on a limited basis,
and there are no controls on adoption. This is a
function of its low-risk profile in the eyes of users.

Thus the approaches to assessment were more a
function of perceived risk than of rate of change.
The methods in use were no less adequate for 
fast-changing technologies than for more stable
technologies. What was lacking, for both stable 
and fast-evolving technologies, was a framework 
of standard guidelines and incentives to ensure 
that users would assess unregulated or lightly
regulated health technologies in an approved 
and consistent fashion, and report the results. 
In addition, the guidelines now being issued for
new surgical procedures need to be clarified to
ensure that a decision about when a procedure 
has changed enough to be regarded as new is
clearer and less subjective.

What gaps does a literature review
reveal in the reporting of the principles
that guide the timing of HTAs?
The literature provided no ready-made 
formula to guide the timing of HTAs but there 
was general agreement on some important prin-
ciples. The assessment of new health technologies 
should be undertaken as early as is practicable, 
to provide timely information that aids decisions
about whether the technology should be more
widely adopted. As the technology is modified, or 
changes in competing technologies take place, re-
assessment may be necessary. However, indicators
to guide decisions about precisely when to initiate
assessments were not offered, nor were suggestions
made about how to deal with conflicts between 
the need for different types of assessment and
ethical constraints.

A full review of the factors associated with 
timing would demand the use of a broader
literature and a greater range of expertise than 
the scope of this study permitted. Future studies
should take account of this in their methodology.
Non-clinical issues, including the social and
commercial issues touched on by some of the
writers reviewed, have a bearing on decisions 
of timing. Hence, the literature on social
science/social policy might also yield 
valuable insights.
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How and when have assessments 
of the specific applications reviewed
been carried out? 
The timing of assessments has often reflected the
growth of either clinical concern about side-effects
(laparoscopic cholecystectomy, CVS), political
concern about being seen to do something (cystic
fibrosis gene therapy, genetic diagnosis) or growing
popular demand/concern (genetic technologies).
Sometimes clinical concern and popular demand
have come together, as with laparoscopic cholecys-
tectomy where the public were demanding what
they believed to be a better technique while clin-
icians were concerned that adverse side-effects were
raising questions about the safety of the technique.
In some of these cases, such as laparoscopic chole-
cystectomy, this meant that assessment was not
initiated until it proved to be too late to carry 
out a large-scale RCT comparing laparoscopic 
with open cholecystectomy.

Laparoscopic cholecystectomy also illustrates the
difficulty of achieving properly controlled trials
when public interest has been aroused and people
have formed a consensus view about a procedure.
Thus media coverage of a health technology,
and/or physician influence, may engender patient
reluctance to participate in an RCT. The need to
acquire new skills also complicates the issue here.
There is a real possibility that, by the time clinicians
feel sufficiently skilled in a new procedure, con-
ducting an RCT may no longer be a practical
option and, in any case, practitioner preference
may have been established with a loss of equipoise.
Meanwhile, during the learning period, patients
will have continued to be subjected to an unevalu-
ated procedure, the performance of which is
thought to be suboptimal.

In the case of cystic fibrosis gene therapy and 
CVS, an early decision to assess allowed effective
control and thorough assessment approaches to 
be used. However, the highly regulated cystic
fibrosis trials now under way are costly and slow.
This highly precautionary approach is acceptable
for invasive or otherwise risky applications but it
may be difficult to justify imposing such regulation
on innovations which are perceived by neither
clinicians nor the public to have adverse potential.
Where an application is neither invasive nor seen 
to have alarming implications for non-health-
related aspects of the patient’s life, it would be 
hard to impose expensive regulatory control.
Telemedicine applications, for instance, would
currently be unlikely to arouse sufficient concern.
However, this laissez-faire approach may prove to
be misguided if, for example, misdiagnosis using

telemedicine leads to harm and successful
litigation. In contrast to telemedicine, genetic
testing, with its implications for life insurance 
and other important matters is widely perceived 
as requiring some regulation and control.

Thus public and clinical perception of the risks
associated with an application are very important 
in determining whether assessment is undertaken
early enough to be effective. This argues for greater
education and debate about these issues.

Have opportunities for practical and
desirable assessments been lost?
The continuing publication of data about
laparoscopic cholecystectomy that contradicts 
some of the earlier findings confirms that it would
have been desirable to have had a thorough and
rigorous assessment of this application at an early
stage. By waiting until equipoise had been lost
before initiating assessment, the opportunity to
obtain clear and unambiguous data was missed.
This has complicated assessment approaches and
has probably increased the costs of assessment 
and rendered the results less convincing.

Are there lessons to be learnt from the
applications that have now reached a
relatively stable state, which could be
applied to the fast-evolving applications? 
When assessment was initiated early and
systematically, as with CVS, the initial study and
subsequent work have provided a more useful 
and comprehensible body of information to guide
decisions. When assessment was initiated late, after
some diffusion had taken place, as with laparo-
scopic cholecystectomy, the studies were less satis-
factory and rigorous, and the interpretation of 
data was not easy. This confirms the findings of the
timing review, that assessment should be initiated
early, before diffusion has taken place and before
practitioners have developed preferences. However,
while this is difficult to disagree with in theory, in
practice the requirement for clinical uncertainty is
extremely hard to ensure throughout trials. Inevi-
tably, with use the practitioner tends to form per-
sonal views about the effectiveness of a procedure,
with loss of the equipoise required for trial partici-
pation. Again, this argues for greater education 
of clinicians about HTA and the dangers of
unsupported clinical impressions.

Another point which became evident with both of
the ‘stable’ technologies was that although the rate
of publication of evaluations had fallen off, studies
were still being published which either conflicted
with earlier studies (laparoscopic cholecystectomy)
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or else added important data (CVS). They were
not, in fact, entirely stable, although the rate of
development had fallen to a low level. It is prob-
able that, as in other industries, health tech-
nologies continue to evolve, although more 
slowly, until they are clearly superseded.

The reasons for near-stability were also different.
Laparoscopic cholecystectomy had been widely
accepted as a beneficial technique with an accepted
protocol for safe use. In contrast, the use of CVS
contracted after reports of rare serious side-effects.
Its use was restricted to higher-risk pregnancies
with the procedure performed only relatively late
in the first trimester of pregnancy. Although it still
has a place in clinical practice, it cannot be
considered completely safe.

The main lesson to be learnt, then, is that already
enunciated – assessment should be initiated early,
should be an iterative process, and reporting of
outcomes should continue throughout the life of 
a technology. In addition, a technology should be
restricted to research use when a satisfactory, safe
and reliable protocol for its use has not yet 
been established.

To what degree are assessments
comparable at different points in the
evolution of a fast-evolving technology?
The answer to this question depends on the nature
of the assessment and the extent to which practi-
tioners attempt to make their studies comparable
with previous ones. The reviews demonstrated that
studies have often failed to control the parameters
of their trials in ways that permit comparability.
This has often been for reasons beyond the control
of the researchers, such as differences in the con-
texts of the studies which have impacted on out-
comes. In other cases, greater comparability could
have been achieved but was not attempted. The
type of evaluation that is appropriate may change
over time, depending on the parameters being
assessed. Concerns about rare effects of CVS led 
to case–control studies, mostly after the trials had
been concluded.

Can inferences be drawn about trends 
in development/diffusion of technologies,
from collective characteristics of
reported assessments, that can be used
to decide on the timing of assessments?
The bibliometric studies covered too few
applications to establish whether this approach
might yield useful indicator points to trigger 
HTAs. In addition, some of the applications, 
such as teledermatology have such a limited

literature that the absolute numbers of publications
were too small to use in this way. These are mainly
applications used in primary care, which are not
usually the subject of many research papers. Thus
bibliometric trends may be particularly unhelpful as
a source of indicators for primary care innovations.
However, the publication trend curves for laparo-
scopic cholecystectomy and CVS gave more promis-
ing inflection points at times that approximated to
dates at which assessment should have been initi-
ated. This is suggestive, although the results are too
limited to make generalisations. It is recommended
that a study of at least ten further applications which
have reached relative stability, but which are fairly
recent, should be carried out. One limitation of 
this approach is that the reports of research are
published at varying times after initiation.

Is there information that can be used 
to derive useful general guidelines and
protocols for assessment? How much of
a problem is posed by issues specific to
the technology and application?
One conclusion from the study is that it would 
be helpful to categorise technologies into, for
instance, diagnostic versus therapeutic, and 
invasive versus non-invasive. It would be more
feasible to provide a set of protocols for each
category than to try to derive a very general code
applicable to all. The form of such protocols could
be a flow diagram, containing a series of questions
and directions, to assist purchasers in deciding
whether they should undertake assessment or
should refer to appropriate national bodies for
guidance on the form assessment should take and
the reporting rules. Such protocols could only be
created after agreement on standard assessment
and reporting procedures was reached.

Standardisation would be doubly useful because it
would facilitate meta-analysis of studies. It emerges
from the literature reviewed that there has been
little attempt, in many cases, to make studies
comparable with previous ones. If general guide-
lines were prepared, it would be important to set
standards for assessments and reporting and to
provide appropriate and effective incentives 
(and resources) to comply.

Does the information gleaned from 
the reviews yield insights as to when
experimental services should move 
to routine status?
It is clear that services should not move to routine
status until they have been well-assessed, training
and equipment needs identified, and other aspects
of evaluation carried out. The case of laparoscopic
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cholecystectomy illustrates the importance of having
this infrastructure in place before diffusion. The
early evaluation of CVS led to its diffusion being
restrained. Although early trials did demonstrate an
increased risk of miscarriage, it was observational
studies, using data collected after it had begun to
enter routine practice, that suggested the rare
adverse side-effects which had the greatest impact on
practice. This underlines the fact that continuing
surveillance may be as important as early assessment,
and that decisions to move to routine status, based
on HTAs, do not guarantee the safety of a tech-
nique. However, the quality and systematic nature 
of the original studies assisted the interpretation of
the findings of all studies. Thus quality and timing
are related, as suggested in chapter 1.

Modifications to the original protocol
The initial research methodology was modified by
the addition of interviews with key individuals asso-
ciated with applications development. From discus-
sions within the research team and from the early
stages of the review it became evident that import-
ant factors influencing timing and choice of
method were known to individuals who were active-
ly involved in the research, but were not recorded
in the literature. This was a reminder that scientific
articles have a convention of their own about the
type of information reported and the format, which
does not include information of the nature sought
in this study. In future studies it is important to take
these conventions into account when considering
the role of a literature review in a research project.
In the present case, the study would have been
enhanced by an initial round of interviews with a
wider range of key individuals associated with a
larger number of applications, and by reducing 
the scope of the systematic reviews.

Recommendations for 
future research
As noted above, a further series of bibliometric
studies is recommended in order to explore the
possibility of using inflections in trend curves as
indicators of when to initiate assessment. A wider
range of literature could also usefully be scanned.
For example, both in order to identify key indicator
points and also to gain increased insight into the
role of the media, women’s media could be includ-
ed in the range of literature reviewed and scanned.
In this study, the role of consumer pressure was
highlighted in the cases of CVS and breast-cancer
diagnosis. It appears probable that important
information could be gained about a number 
of other conditions in this way.

Another useful programme of research would be 
to create a typology of health technologies which
would subdivide them into categories that could 
be subjected to standard assessment protocols, to
identify standards for assessment and reporting for
each category, and to consider the question of the
influence of incentives and barriers in adhering 
to rigorous standards in HTAs.

The commentators all experienced difficulty in
trying to achieve greater specificity about when,
how, and how frequently to evaluate new health
technologies. One reason for this may be that, 
with the exception of the bodies addressing the
problems of surgical techniques, there has been 
a tendency to aggregate the whole range of new
technologies (other than drugs) which are used 
to promote health, prevent and treat disease, and
improve rehabilitation and long-term care. The
literature gives little assistance with formulating 
a global theory. Rather it illustrates the very differ-
ent characteristics of different healthcare tech-
nologies and the problems associated with a single
methodological approach. Given their diversity it 
is unlikely that one approach will be suited to all,
although there are clearly some important com-
mon principles. However, these relate more to the
demands for relative safety and efficacy, than to a
stereotyped protocol for the timing or nature of
assessment. These demands might be met more
satisfactorily by abandoning the search for a 
single theory in favour of adopting several 
distinct approaches.

A first step towards addressing this issue would 
be to reduce the complexity of any one case some-
what by categorising health technologies on the
basis, for example, of their invasiveness and of
possible characteristics such as their apparent cost
advantages/disadvantages, their potential for major
improvements to public health, or their ethical
impact. A strongly precautionary approach would
clearly be appropriate for the more invasive, ethic-
ally problematic and costly technologies. A health
technology might be assigned a score on each of
several parameters, and the overall total used to
decide on priorities for evaluation. A series of differ-
ent tests could be applied depending on the initial
score, to decide on the next step. Provided the
guidelines were sufficiently clear, this would allow
decentralised care purchasers and ethics committees
to decide on whether they were competent to eval-
uate a new technology, or whether they should refer
to central authority for further guidance.

The question of which methods of evaluation 
to apply and when to apply them would be easier 
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to answer when the category of health technology
was more precisely defined and its risk character-
istics assessed. However, the general principle
advocated in most of the literature reviewed here,
of using a number of methods of evaluation on 
an iterative basis is clearly important, and its utility
would be enhanced if a more unified standard 
of reporting in observational and experimental
studies were to be observed. For example, the
recent CONSORT initiative, reported by Begg
(1996), is an attempt to improve the overall
standard of reporting of RCTs. Hence a set of
strong recommendations about how to carry 
out and record each type of evaluation would
enhance the value of each. In addition, there is
clearly a need to improve the effectiveness of
current systems of reporting side-effects of treat-
ments after they have become routine and the level
of interest in the technologies has fallen.

Another implication for policy makers is that
significant new health technologies need to be

identified as they emerge, possibly through some
form of horizon-scanning mechanism, in order 
that they can be prioritised and steps taken to 
assess them in an appropriate manner as early 
as is practicable. Otherwise, the danger remains
that a combination of technology ‘push’, pioneer
enthusiasm, and media publicity may propel the
diffusion of new technologies into routine practice
before they have been adequately evaluated. The
implications for healthcare managers and clin-
icians are that, where the introduction of new 
technologies is not covered by central regulation,
national initiatives such as SERNIP should be
supported. In areas of medicine where no such
national initiatives exist, the establishment of local
guidelines would help to ensure that new health
technologies were considered systematically before
a decision was taken to adopt them. Healthcare
managers and clinicians also need to be aware of
the results of assessments which may already have
been carried out on new health technologies 
whose introduction they are considering.
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Timing
Searches were made for papers on the timing of
HTA using the databases, Medline and Embase.
The search strategies, shown in the boxes below,
were updated periodically until October 1996.
Search strategies on Medline combined Medical
Subject Heading (MeSH) and truncated 
textword terms.

Initially, attempts were made to implement a 
search strategy narrow enough to retrieve papers
on timing of assessments alone but this proved
unproductive. This led to papers being sought 
on HTA at a broad level, with the intention of
analysing these for any information which they

contained on timing. The ensuing search 
strategies, particularly on Medline, resulted in 
the retrieval of a large number of references
(Medline 1966–July 1996: 1477 papers; Embase
1980–96: 260 papers). In order to ensure that the
number of references remained at a manageable
level, searches on Medline were not extended 
back further than 1991. The titles (and abstracts
where available) of papers retrieved were scanned
and those which were concerned with the prin-
ciples of HTA were obtained and analysed for
information on timing.

The database searches were supplemented 
with articles identified by other means. These
included contact with experts in the field and
hand-searching reference lists of key articles. The
contents of the following journals were also moni-
tored in 1996: Bandolier, BMJ, Controlled Clinical
Trials, Evidence Based Medicine, Health Service Journal,
International Journal of Technology Assessment in 
Health Care, Journal of Health Services Research 
Policy, The Lancet, Quality in Health Care.

Bibliometric study

Medline search strategy

CORONARY DISEASE (as an exploded 
MeSH term).

LAPAROSCOPIC CHOLECYSTECTOMY 
(both as an exploded MeSH term and also 
as a textword term).

CHORIONIC VILLI SAMPLING (as an exploded
MeSH term) and also CHORION$ VILL$
SAMPLING (as a truncated textword term).

GENE THERAPY (both as an exploded MeSH term
and also as a textword term) combined with
CYSTIC FIBROSIS (both as an exploded MeSH
term and also as a textword term).

GENETIC SCREENING (both as an exploded
MeSH term and also as a textword term) com-
bined with BREAST NEOPLASMS (as an exploded
MeSH term) and also BREAST CANCER (as a
textword term).

TELEMEDICINE (both as an exploded MeSH 
term and also as a textword term) combined with

Appendix 1

Search strategies

Medline search strategy
1. ‘TECHNOLOGY ASSESSMENT,

BIOMEDICAL’/
2. HEALTH TECHNOLOG$ ASSESS$.TW
3. HEALTH CARE TECHNOLOG$ ASSESS$.TW
4. HEALTHCARE TECHNOLOG$ ASSESS$.TW
5. HEALTH TECHNOLOG$

EVALUATION$.TW
6. HEALTH CARE TECHNOLOG$

EVALUATION$.TW
7. HEALTHCARE TECHNOLOG$

EVALUATION$.TW
8. BIOMEDICAL TECHNOLOG$

EVALUATION$.TW
9. BIOMEDICAL TECHNOLOG$ ASSESS$.TW
10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9

Embase search strategy
1. HEALTH TECHNOLOGY ASSESSMENT
2. HEALTH CARE TECHNOLOGY

ASSESSMENT
3. HEALTHCARE TECHNOLOGY

ASSESSMENT
4. BIOMEDICAL TECHNOLOGY ASSESSMENT
5. HEALTH TECHNOLOGY EVALUATION
6. HEALTH CARE TECHNOLOGY

EVALUATION
7. HEALTHCARE TECHNOLOGY

EVALUATION
8. BIOMEDICAL TECHNOLOGY EVALUATION
9. Combine 1, 2, 3, 4, 5, 6, 7, 8
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DERMATOLOGY (both as an exploded 
MeSH term and also as a textword term) 
combined with TELEDERMATOLOGY 
(as a textword term).

TELERADIOLOGY (both as an exploded 
MeSH term and also as a textword term) com-
bined with RADIOLOGY (both as an exploded
MeSH term and also as a textword term) com-
bined with TELEMEDICINE (both as an 
exploded MeSH term and also as a 
textword term).

Engineering Index search terms

LAPAROSCOPIC CHOLECYSTECTOMY
CHORION* VILL* SAMPLING
GENE THERAPY + CYSTIC FIBROSIS
GENETIC SCREENING + BREAST CANCER
TELERADIOLOGY
TELEDERMATOLOGY

PROMT search terms

LAPAROSCOPIC (W) CHOLECYSTECTOM?
(CHORION OR CHORIONIC) (W) (VILLUS OR
VILLI) (W) (SAMPL?)
GENE (W) THERAPY (N) CYSTIC (W) FIBROSIS
GENETIC (W) SCREENING AND 
BREAST (W) CANCER
TELERADIOLOGY
TELEDERMATOLOGY 

Laparoscopic cholecystectomy

Criteria for inclusion

These included RCTs, major observational studies
and systematic reviews of laparoscopic cholecystec-
tomy, and also reviews of the literature. Since the
main focus of the review was to identify factors
affecting timing decisions, it was decided not to
specifically assess the quality of the evaluations
which were undertaken.

Methods

Searches for papers on laparoscopic
cholecystectomy were made primarily on the
databases, Medline and Embase. LAPAROSCOPIC
CHOLECYSTECTOMY was used as the primary
search term, and the search period stretched from
September 1996 back until 1987, when the first
laparoscopic cholecystectomy was performed.

The Medline and Embase search strategies are
shown in the boxes below.

The searches of Medline and Embase identified
496 and 194 references, respectively. The titles 
were scanned and papers that dealt with evalu-
ations of the procedure or were reviews of the
literature were obtained. Other databases con-
sulted included the Cochrane Database of
Systematic Reviews, the Cochrane Database of
Abstracts of Reviews of Effectiveness, PROMT
(national and international business journals and
newspapers), System for Information on Grey
Literature in Europe (SIGLE), and the Index 
of Scientific and Technical Proceedings.

The database searches were supplemented with
articles identified by other means. These included
contacting subject specialists, hand-searching
reference lists from key papers and monitoring 
the contents of the following journals for 1996:
Bandolier, BMJ, Controlled Clinical Trials, Evidence
Based Medicine, Health Service Journal, International
Journal of Technology Assessment in Health Care,
Journal of Health Services Research Policy, The Lancet,
Quality in Health Care.

In addition to analysing reported assessments 
of laparoscopic cholecystectomy, reliance was 
also placed on existing reviews of the literature 
on the procedure, such as those by Macintyre and
Wilson (1993), Sculpher (1993), Cuschieri (1994),
Pearson (1994) and Border (1995), and the
systematic review undertaken by Downs and
colleagues (1996).

The aim of the analysis was to identify whether 
the papers provided information on the diffusion
of laparoscopic cholecystectomy, when and how

Medline search strategy
1. ‘CHOLECYSTECTOMY, LAPAROSCOPIC’/
2. LAPAROSCOPIC CHOLECYSTECTOMY.TW.
3. 1 or 2
4. Limit 3 to (classical article or clinical

conference or clinical trial or clinical trial,
Phase I, or clinical trial, Phase II, or clinical
trial, Phase III, or clinical trial, Phase IV, or
controlled clinical trial or historical article or
meta-analysis or multicentre study or RCT or
review or review of literature or review of
reported cases).

Embase search strategy
1.  (LAPAROSCOPIC CHOLECYSTECTOMY +

(CLINICAL TRIAL, CLINICAL TRIALS)) @
(TI, AB, KWDS)
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assessments of the procedure were carried 
out, and what factors influenced the timing 
of such assessments.

Chorionic villus sampling

Criteria for inclusion

These included RCTs, major observational studies
and systematic reviews of CVS, and also reviews of
the literature.

Methods

In order to identify relevant papers on CVS 
in the literature, searches were made using the 
on-line databases Medline and Embase. CVS, with
appropriate truncation, was used as the primary
search term, with the search period from
September 1996 back until 1980.

The Medline and Embase search strategies are
shown in the boxes below.

The Medline and Embase searches identified 
209 and 34 references, respectively. The titles 

were scanned and papers that included evaluations
of the procedure or were reviews of the literature
were obtained. A search of the Cochrane Database
of Systematic Reviews identified a two further
papers. Other databases consulted included
PROMT, SIGLE and the Index of Scientific 
and Technical Proceedings.

The database searches were supplemented with
articles identified by other means. These included
contacting subject specialists, hand-searching of
reference lists from key papers, and on-going
monitoring of the contents of the following
journals for 1996: Bandolier, BMJ, Controlled Clinical
Trials, Evidence Based Medicine, Health Service Journal,
International Journal of Technology Assessment in 
Health Care, Journal of Health Services Research 
Policy, The Lancet, Quality in Health Care.

The papers obtained were analysed for information
on the diffusion of CVS, when and how assessments
of the procedure were carried out, and what factors
influenced the timing of such assessments.

Telemedicine

Criteria for inclusion

These included RCTs, major observational 
studies, systematic reviews of teleradiology and 
teledermatology, and also reviews of the literature
in these fields.

Methods

In order to identify relevant papers on
teleradiology and teledermatology, searches were
undertaken on the databases Medline (1966 to
October 1996) and Embase (1980 to October
1996). The search strategies are shown in the 
boxes below.

Medline search strategy 1
1. ‘CHORIONIC VILLI SAMPLING’/
2. CHORION$ VILL$ SAMPLING.TW.
3. 1 or 2
4. Limit 3 to (classical article or clinical

conference or clinical trial or clinical trial,
Phase I, or clinical trial, Phase II, or clinical
trial, Phase III, or clinical trial, Phase IV, or
controlled clinical trial or historical article or
meta-analysis or multicentre study or RCT or
review or review of literature or review of
reported cases.

Medline search strategy 2
1. *CHORIONIC VILLI SAMPLING/ec

Medline search strategy – Teleradiology
1. ‘TELERADIOLOGY’/
2. TELERADIOLOGY.TW.
3. or 2 
4. ‘TELEMEDICINE’/
5. TELEMEDICINE.TW.
6. or 5
7. ‘RADIOLOGY’/
8. RADIOLOGY.TW
9. 7 or 8
10. 6 and 9
11. 3 or 10

continued

Embase search strategy 1
1. (CHORION* VILL* SAMPLING) @ (TI, AB,

KWDS)
2. (CLINICAL TRIAL, CLINICAL TRIALS) @

(TI, AB, KWDS)
3. 1 + 2

Embase search strategy 2
1. CHORION* VILL* SAMPLING +

(ECONOMICS, HEALTH ECONOMICS)



Appendix 1

124

The Medline and Embase searches on teleradiology
identified 158 and 100 references, respectively, and
on teledermatology identified ten and five refer-
ences, respectively. A search on the bibliographic
database of the Telemedicine Information
Exchange identified 231 references on tele-
radiology and 21 references on teledermatology.
The Medline search identified one reference on
teleradiology classed as an RCT.

Other databases consulted included the Cochrane
Database of Systematic Reviews, PROMT and
SIGLE. A search of Medline and the Index of
Scientific and Technical Proceedings for confer-
ences featuring teleradiology or teledermatology
identified one conference including teleradiology –
the Institute of Electronic and Electrical Engineers
Western Canada Conference and Exhibition on
Telecommunications for Health Care: Telemetry,
Teleradiology and Telemedicine, 1990.

The database searches were supplemented with
articles obtained by other means. These included
contacting subject specialists, hand-searching of
reference lists from key papers and monitoring the
contents of the following journals for 1996: Bando-
lier, BMJ, Controlled Clinical Trials, Evidence Based
Medicine, Health Service Journal, International Journal

of Technology Assessment in Health Care, Journal of
Health Services Research Policy, Journal of Telemedicine
and Telecare, The Lancet, Quality in Health Care.

The papers obtained were analysed for information
on the diffusion of teleradiology and telederma-
tology, when and how assessments were carried 
out, and what factors influenced the timing of 
such assessments.

Cystic fibrosis gene therapy

Criteria for inclusion

These included RCTs, major observational studies
and systematic reviews of gene therapy for cystic
fibrosis, and also reviews of the literature.

Methods

Searches for papers on gene therapy for cystic
fibrosis were made primarily on the databases
Medline and Embase.

The Medline and Embase search strategies are
shown in the boxes below.

The Medline and Embase searches identified 
248 and 355 references, respectively. The titles 
were scanned and papers dealing with evaluations
of the procedure or reviewing the literature were
obtained. Other databases consulted included the
Cochrane Database of Systematic Reviews, the
Cochrane Database of Abstracts of Reviews of
Effectiveness, PROMT, SIGLE, and the Index 
of Scientific and Technical Proceedings.

The database searches were supplemented with
articles identified by other means. These included

continued

Medline search strategy – Teledermatology
1. ‘TELEMEDICINE’/
2. TELEMEDICINE.TW
3. 1 or 2
4. ‘DERMATOLOGY’/
5. DERMATOLOGY.TW
6. 4 or 5
7. TELEDERMATOLOGY.TW.
8. 3 and 6
9. 7 or 8

Embase search strategy – Teleradiology
1. (TELERADIOLOGY) @ (TI, AB, KWDS)
2. (TELEMEDICINE) @ (TI, AB, KWDS)
3. (RADIOLOGY) @ (TI, AB, KWDS)
4. 2 + 3
5. 1, 4

Embase search strategy – Teledermatology
1. (TELEDERMATOLOGY) @ (TI, AB, KWDS)
2. (TELEMEDICINE) @ (TI, AB, KWDS)
3. (DERMATOLOGY) @ (TI, AB, KWDS)
4. 2 + 3
5. 1, 4

Medline search strategy
1. ‘GENE THERAPY’/
2. GENE THERAPY.TW
3. 1 or 2
4. ‘CYSTIC FIBROSIS’/
5. CYSTIC FIBROSIS.TW
6. 4 or 5
7. 3 and 6

Embase search strategy
1. (GENE THERAPY) @ (TI, AB, KWDS)
2. (CYSTIC FIBROSIS) @ (TI, AB, KWDS)
3. 1 + 2 
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contacting subject specialists, hand-searching
reference lists in key papers and monitoring 
the contents of the following journals for 1996:
Bandolier, BMJ, Controlled Clinical Trials, Evidence
Based Medicine, Health Service Journal, Human 
Gene Therapy, International Journal of Technology
Assessment in Health Care, Journal of Health Services
Research Policy, Lancet, Quality in Health Care.

The papers obtained were analysed for information
on the diffusion of gene therapy for cystic fibrosis,
when and how assessments of the procedure were
carried out, and what factors influenced the timing
of such assessments.

Breast cancer genetic screening

Criteria for inclusion

These included RCTs, major observational studies
and systematic reviews of genetic screening for
predisposition to breast cancer, and also reviews 
of the literature.

Methods

In order to identify relevant papers on genetic
testing for breast cancer, searches were undertaken
on the databases Medline (1966 to October 1996)
and Embase (1980 to October 1996). The search
strategies are shown in the boxes below.

The Medline and Embase searches identified 
81 and 47 references, respectively. The titles were
scanned and papers dealing with evaluation of
genetic testing for breast cancer and reviews of 
the literature were obtained. Other databases
consulted included the Cochrane Library, 
PROMT, SIGLE and the Index of Scientific 
and Technical Proceedings.

The database searches were supplemented with
articles identified by other means. These included
contacting subject specialists, hand-searching the
reference lists in key papers and monitoring the
contents of the following journals for 1996:
Bandolier, BMJ, Controlled Clinical Trials, Evidence
Based Medicine, Health Service Journal, International
Journal of Technology Assessment in Health Care,
Journal of Health Services Research Policy, The 
Lancet, Quality in Health Care.

The papers obtained were analysed for information
on the diffusion of genetic testing for predispos-
ition to breast cancer, when and how assessments
have been carried out, and what factors influenced
the timing of such assessments.

Medline search strategy
1. ‘GENETIC SCREENING’/
2. GENETIC SCREENING.TW
3. 1 or 2
4. ‘BREAST NEOPLASMS’ / BREAST

CANCER.TW
5. 4 or 5
6. 3 and 6

Embase search strategy
1. (GENETIC SCREENING) @ (TI, AB, KWDS)
2. (BREAST CANCER) @ (TI, AB, KWDS)
3. 1 + 2
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These conferences were identified by searching
Medline and the Index of Scientific and

Technical Proceedings.

Laparoscopic cholecystectomy
1990
Annual Meeting of the Midwest 
Surgical Association

98th Annual Meeting of the Western 
Surgical Association

Symposium of Minimal Access Surgery,
Laparoscopic Cholecystectomy: State of the Art

102nd Annual Meeting of the Southern 
Surgical Association

Annual Scientific Session of the Society of
American Gastrointestinal Endoscopic Surgeons

Clinical Congress of the American College of
Surgeons: Interventional Laparoscopy

Annual Meeting of the Southern California
Chapter of the American College of Surgeons

1991
Consensus Conference on Bladder Calculosis,
Therapeutic Strategy, Strasbourg

43rd Annual Meeting of the Surgical Section of 
the American Academy of Pediatrics

99th Scientific Session of the Western 
Surgical Association

103rd Annual Scientific Session of the Southern
Surgical Association

13th Annual Meeting of the Canadian Society for
Vascular Surgery/60th Annual Meeting Royal
College of Physicians and Surgeons of Canada

72nd Annual Meeting of the New England 
Surgical Society

32nd Annual Meeting of the Society for Surgery of
the Alimentary Tract

1991 Annual Meeting of the Southeastern 
Surgical Congress

6th Annual Gastroenterology Symposium on
Highlights of Gastroenterology in The Netherlands

43rd Annual Meeting of the Southwestern 
Surgical Congress

111th Annual Meeting of the American 
Surgical Association
48th Annual Meeting of the Central 
Surgical Association

Conference on Lasers in Urology, Laparoscopy 
and General Surgery

1992
NIH Consensus Development Conference on
Gallstones and Laparoscopic Cholecystectomy

100th Scientific Session of the Western 
Surgical Association

54th Annual Meeting of the Society of 
University Surgeons

35th Annual Meeting of the Midwest 
Surgical Association

104th Annual Meeting of the Southern 
Surgical Association

79th Annual Meeting of the North Pacific 
Surgical Association

73rd Annual Meeting of the New England 
Surgical Society

76th Meeting of the Surgical Research Society

NIH Consensus Development Conference on
Gallstones and Laparoscopic Cholecystectomy

79th Annual Meeting of the Societe Suisse 
de Chirurgie

33rd Annual Meeting of the Society for Surgery 
of the Alimentary Tract

Annual Meeting of the Southern California
Chapter of the American College of Surgeons

44th Annual Meeting of the Southwestern 
Surgical Congress

Orlando Meeting on Laparoscopy in Diagnosis 
and Therapy

49th Annual Meeting of the Central 
Surgical Association

63rd Annual Meeting of the Pacific Coast 
Surgical Association

2nd International Meeting on Horizons 
in Gastroenterology

Symposium on Laser Surgery: Advanced
Characterisation, Therapeutics and Systems 3
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1993
6th SIS-E Annual Meeting

4th Seminar on the Formation of Growths in
Hepato Gastroenterology

35th World Congress of the International Society 
of Surgery

Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons

14th Annual Meeting of the Surgical 
Infection Society

46th Annual Meeting of the Southwestern 
Surgical Congress

80th Annual Meeting of the Schweizerischen
Gesellschaft fuer Chirurgie

Centennial Congress of the Societe Royale Belge 
de Chirurgie 1893–1993

36th Annual Meeting of the Midwest 
Surgical Association

105th Annual Scientific Session of the Southern
Surgical Association

Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons

24th Annual Meeting of the American Pediatric
Surgical Association

34th Annual Meeting of the Society for Surgery of
the Alimentary Tract

61st Annual Scientific Meeting of the Southeastern
Surgical Congress

Annual Meeting of the Southern California
Chapter of the American College of Surgeons

13th Annual Conference on Peritoneal Dialysis,
San Diego

50th Annual Meeting of the Central 
Surgical Association

1994
2nd European Congress of the European
Association for Endoscopic Surgery

111th Congress of the Deutsch Gesellschaft fuer
Chirurgie – Ambivalence of Progress: Is Less More?

Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons

Annual Meeting of the Section on Surgery of the
American Academy of Pediatrics

Annual Scientific Session of the Western 
Surgical Association

14th World Congress of Collegium Internationale
Chirurgiae Digestivae

81st Annual Meeting of the North Pacific 
Surgical Association

Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons

62nd Annual Scientific Meeting and Post 
Graduate Course Program of the Southeastern
Surgical Congress

75th Falk Symposium on Cholestatic Liver Diseases
– New Strategies for Prevention and Treatment of
Hepatobiliary and Cholestatic Liver Diseases

Conference on Laser Dermatology and Plastic
Surgery/Conference on Dentistry/Conference on
Laser Welding II

35th Annual Meeting of the Society for Surgery of
the Alimentary Tract

International Meeting on Cholestasis and 
Related Disorders

1995
5th European Congress of Surgery 
(Eurosurgery 95)

International Surgical Week

Midwest Surgical Association Meeting

60th Annual Assembly of the Schweizerischen
Gesellschaft fuer Gastroenterologie 
und Hepatologie

82nd Annual Meeting of the North Pacific 
Surgical Association

International Meeting on 5 Years of 
Laparoscopic Cholecystectomy

103rd Scientific Session of the Western 
Surgical Association

3rd Endoscopic Ultrasonography Belgian Meeting

Southeastern Surgical Congress 63rd 
Annual Scientific Meeting and Postgraduate 
Course Program

112th Congress of the Deutsche Gesellschaft fuer
Chirurgie on Quality Assurance through
Cooperation in Surgery

24th Central European Congress on Anesthesiology

Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons

52nd Annual Meeting of the Central 
Surgical Association

Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons

1st European Congress of the IHPBA

Annual Meeting of the Southern California
Chapter of the American College of Surgeons

Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons
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1996
Annual Meeting of the Society of American
Gastrointestinal Endoscopic Surgeons

2nd World Congress of the International Hepato
Pancreato Biliary Association

XV World Congress of Collegium Internationale
Chirurgiae Digestivae

Annual Scientific Meeting of the Association of
Surgeons of Great Britain and Ireland

Annual Meeting of the Southern California
Chapter of the American College of Surgeons

CVS

1983
11th Study Group of the Royal College of
Obstetricians and Gynaecologists

1984
Joint Meeting of the Italian Society for 
Inborn Error Diseases, the Italian Society of
Medical Genetic, and the Italian Society of 
Medical Cytogenetics

International Symposium on First Trimester 
Fetal Diagnosis

52nd Annual Meeting of the Central Association 
of Obstetricians and Gynecologists

40th Annual Meeting of the Society of
Obstetricians and Gynaecologists of Canada

1985
35th Annual Symposium on the Biology of the Skin

2nd International Symposium on the Fetus as a
Patient – Diagnosis and Treatment

International Symposium on First Trimester 
Fetal Diagnosis

52nd Annual Meeting of the Pacific Coast
Obstetrical and Gynecological Society

53rd Annual Meeting of the Central Association 
of Obstetricians and Gynecologists

5th Annual Meeting of the Society of 
Perinatal Obstetricians

1986
42nd Assembly of Deutsche Gesellschaft fuer
Gynakologie und Geburtshilfe

92nd Ross Conference on Pediatric Research:
Frontiers in Genetic Medicine

Annual Meeting of the Society for the Study 
of Inborn Errors in Metabolism

Annual Meeting of the Schweizerischen
Gesellschaft fuer Gynakologie: Operative 
and Perioperative Problems at the Time of
Gynaecological and Obstetrical Surgery

1987
43rd Annual Meeting of the Society of
Obstetricians and Gynaecologists

Annual Meeting of the Schweizerischen
Gesellschaft fuer Gynakologie

49th Annual Meeting of the South Atlantic
Association of Obstetricians and Gynecologists

1988
12th World Congress of Gynecology and Obstetrics

4th International Symposium on the Fetus as 
a Patient

7th Annual Meeting of the Society of Obstetricians
and Gynaecologists of Canada

1989
National Education Conference on Strategies in
Genetic Counselling: Reproductive Genetics and
New Technologies

Symposium in Perinatal Medicine – Advances in
Human Genetics: Current Applications and
Prospects for the Future

4th International Workshop on the Fragile X and
X-Linked Mental Retardation (FRA(X) and XLMR)

51st Annual Meeting of the South Atlantic
Association of Obstetricians and Gynecologists

1990
48th Congress of the Deutschen Gesellschaft fuer
Gynakologie und Geburtshilfe

26th Nestle Workshop on Perinatalogy

International Conference on Placenta: 
Basic Science and Clinical Application for 
the Next Decades

5th International Congress on Early Fetal
Diagnosis: Recent Progress and Public Health

7th World Congress on Human Reproduction

1991
13th World Congress of Gynaecology and Obstetrics

60th Annual Meeting of the Central Association of
Obstetricians and Gynecologists
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38th Annual Meeting of the Society for
Gynecologic Investigation

11th Annual Meeting of the Society of 
Perinatal Obstetricians

53rd Annual Meeting of the South Atlantic
Association of Obstetricians and Gynecologists

1992
World Health Organisation/European Regional
Office (WHO/EURO) Meeting: Statement on the
Use of CVS in Prenatal Diagnosis

49th Meeting of the Deutschen Gesellschaft fuer
Gynakologie und Geburtshilfe

4th International Conference on Limb
Development and Regeneration

International Conference on Improving Birth
Quality and Child Upbringing

1993
13th Annual Meeting of the Society of Perinatal
Obstetricians

1994
Annual Meeting of the Osterreichischen
Gesellschaft fuer Gynakologie und Geburtshilfe

14th Annual Meeting of the Society of 
Perinatal Obstetricians

1995
Xth Congress of the European Association 
of Gynaecologists and Obstetricians

Annual Meeting of the Swiss Society for Obstetrics
and Gynecology/Swiss Society for Senology

15th Annual Meeting of the Society of 
Perinatal Obstetricians

Telemedicine

1980
International Conference on Systems Science in
Health Care

1984
International Teleconference Symposium

5th International Congress on Medical Informatics
in Europe

1985
6th European Congress on Medical Informatics

1987
1987 Conference on Biomedical Technologies:
Montech 87

1989
International Conference on Communications:
World Prosperity through Communications
(BOSTONICC/89)

International Conference on Olympus Utilisation

1990
IEEE Western Canada Conference and 
Exhibition on Telecommunication for Health 
Care: Telemetry, Teleradiology and Telemedicine
(IEEE Wescanex 90)

Working Conference on Telematics in Medicine

International Symposium, Whither Computers in
Diabetes Care?

International Conference on Integrated
Broadband Services and Networks

1991
International Telemedicine Conference

4th International Conference on Human–
Computer Interaction (HCI International)

Annual International Conference of 
the IEEE Engineering in Medicine and 
Biology Society

1992
1st European Symposium on Telepathology

14th Annual International Conference of 
the IEEE Engineering in Medicine and 
Biology Society

1993
Telemedicine and Access to Care

International Telemedicine Conference

IFIP TC6/WG6.1 International Conference on
Open Distributed Processing

World Summit on Medical Education

Conference on Video Communications and PACS
for Medical Applications

Multimedia Communications 1993 
Conference – Forging the Link: Market 
Technology Policy

11th International Congress of the European
Federation for Medical Informatics – MIE93
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1994
2nd NASA/USUHS International Conference 
on Telemedicine for Remote Health Care and
Disaster Response

TeleMed 94

Conference on Health in the New Communications
Age – Health Care Telematics for the 21st Century

16th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society on
Engineering Advances: New Opportunities for
Biomedical Engineers

18th Annual Symposium on Computer
Applications in Medical Care – Transforming
Information, Changing Health Care

International Congress for Lung Cancer

Conference on Applications of Digital Image
Processing XVII

IFIP TC6 International Conference on Information
Networks and Data Communication

1995
TeleMed 95

Round Table Meeting on Telemedicine – 
Risks and Opportunities

Conference on Health Care 
Information Infrastructure

22nd Annual Scientific Meeting of Computers 
in Cardiology

Conference on Health Care Technology Policy II –
The Role of Technology in the Cost of Health Care:
Providing the Solutions

Conference on Emerging High Speed Local Area
Networks and Wide Area Networks

International Symposium on Computer and
Communication Systems for Image Guided
Diagnosis and Therapy (CAR 95)

Summer Workshop on Computational Modeling
and Imaging in Biosciences

IS & TS 48th Annual Conference on Imaging on
the Information Superhighway

7th International Congress on Medical
Librarianship – Health Information for 
the Global Village

11th International Symposium on the Creation 
of Electronic Health Record Systems and Global
Congress on Patient Cards

Conference on PACS Design and Evaluation –
Engineering and Clinical Issues

Proceedings of the Society of Photo-
Optical Instrumentation Engineers (SPIE) 
Medical Imaging

3rd Medicine Meets Virtual Reality Conference
(MMVRIII)

Medical Imaging 1995: Image Display Conference

Conference on Advanced Image and Video
Communications and Storage Technologies

1996
TeleMed 96

Medical Informatics Europe Congress 96 (MIE 96)

3rd International Symposium on Interworking
(Interworking 96)

Summer Workshop on Computational 
Modelling, Imaging and Visualization in
Biosciences (Combio 96)

International Symposium on Computer and
Communication Systems for Image Guided
Diagnosis and Therapy (CAR 96)

1996 Medical Imaging Symposium on PACS Design
and Evaluation – Engineering and Clinical Issues

Conference on Image Display

Healthcare Computing Conference (HC96) –
Current Perspectives in Healthcare Computing

Medicine Meets Virtual Reality 4 Conference
(MMVR4)

18th Annual Pacific Telecommunications
Conference (PTC96)

Genetic testing/screening

1981
5th Arnold O Beckman Conference in 
Clinical Chemistry

6th International Congress of Human Genetics

1983
Conference on Inborn Errors of Metabolism, 
North Shore University Hospital, Manhasset

1984
Conference on Medical Screening and 
Biological Monitoring for the Effects of 
Exposure in the Workplace

1985
Albany Birth Defects Symposium

14th Study Group of the Royal College of
Obstetricians and Gynaecologists: Litigation 
and Obstetrics and Gynaecology
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1986
92nd Ross Conference on Pediatric Research:
Frontiers in Genetic Medicine

1987
International Symposium on Familial
Hypercholesterolemia

1989
1st International Conference on Genetic Variation
and Nutrition

4th International Workshop on the Fragile X and
X-Linked Mental Retardation

6th World Congress of In Vitro Fertilization and
Alternate Assisted Reproduction

Meeting on Genetics and Biology of Alcoholism,
Cold Spring Harbor

Workshop on Genetic Screening: from Newborns
to DNA Typing

Symposium on Recent Advances in Hemophilia Care

1990
1st European Congress on Medullary 
Thyroid Carcinoma

24th Conference on Genetics, Ethics and Human
Values: Human Genome Mapping, Genetic
Screening and Gene Therapy

Symposium on New Technologies for Genetic 
and Newborn Screening

1991
Workshop on Reproductive Genetic Testing:
Impact upon Women

1992
1992 International Fragile X Confernce

International Symposium on Retinal Degeneration

7th Annual San Diego Conference on 
Genetic Recognition

1993
2nd World Congress of Perinatal Medicine

19th National Meeting of the Clinical Ligand 
Assay Society

Sixth International Workshop on the Fragile X 
and X-Linked Mental Retardation

9th International Neonatal Screening
Symposium/2nd Meeting of the International
Society for Neonatal Screening

23rd European Symposium on Calcified Tissue

1994
2nd Annual Meeting of the Australian
Electrophoresis Society

Conference on Beryllium-related Diseases

Conference on Technoscience and Cyberculture

59th Cold Spring Harbor symposium on
Quantitative Biology – the Molecular Genetics 
of Cancer

1995
2nd International Research Conference on 
Familial Cancer

2nd Annual Meeting of the Australian
Electrophoresis Society

Symposium on Air Toxics – Biomarkers in
Environmental Applications

33rd Annual Symposium of the SSIEM 
on Lactic Acidosis and Inborn Errors 
of Metabolism

15th World Congress on Fertility and Sterility

Workshop on Genetic Screening for 
Colorectal Cancer

112th Congress of the Deutsche Gesellschaft 
fuer Chirurgie

56th Annual Meeting of the Society of 
University Surgeons

1996
Molecular Aspects in the Pathogenesis and
Diagnostics of Thyroid Diseases Conference 
of the Thyroid Gland Section of the Deutsche
Gesellschaft fuer Endokrinologie

Gene therapy 

1988
Symposium on Gene Transfer and 
Gene Therapy

1990
24th Conference on Genetics, Ethics and Human
Values: Human Genome Mapping, Genetic
Screening and Gene Therapy

British Pharmaceutical Conference: Impact 
of the New Biologies on the Medical and
Pharmaceutical Sciences
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1991
Conference on Gene Therapy

1992
From Genetics to Gene Therapy Meeting,
University College, London

Symposium on Foetal and Neonatal Cell
Transplantation and Retroviral Gene Therapy

6th Annual North American Conference on 
Cystic Fibrosis

1993
Conference on Gene Therapy for 
Neoplastic Diseases

American Lung Association/American Thoracic
Society International Conference

18th European Cystic Fibrosis Conference

1994
1st Seminar on Gene Therapy from the 
Antoine-Lacassagne Centre

32nd Annual Symposium of the SSIEM

1995
International Workshop on the Development 
and Applications of Vaccines and Gene Therapy 
in AIDS

Symposium on Gene Therapy – Current Status 
and Future Prospects

Symposium on Gene Therapy – New Frontiers

OECD Ottawa 95 Workshop on Gene 
Delivery Systems

XL Scientific Reunion of Argentine Society of
Clinical Investigation
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Practical considerations for safe 
MAS (Cuschieri, 1994)
1. MAS must be practised by surgeons within their

respective speciality.
2. The training process involves attendance at

skills centres or approved practical courses, 
to gain exposure to the basic techniques of
endoscopic surgery.

3. Before embarking on laparoscopic surgery on
his/her own, a surgeon must become proficient
in diagnostic laparoscopy, should have assisted
in endoscopic operations (as camera person
and first assistant) and visited centres where
these procedures are in routine use.

4. If at all possible, the surgeon should be
proctored by an experienced colleague 
for the first few cases.

5. In the current situation and stage of
development of MAS, no surgeon should
attempt on his/her own an endoscopic
operation that the surgeon has not previously
performed by the open conventional approach.

6. Nursing and technical support teams should also
be suitably trained in the practice of MAS, and
be familiar with equipment and its handling.

7. Ideally, the setting-up of MAS should be
procedure orientated. Within this framework,
experience in the procedure selected (e.g.
cholecystectomy) should be obtained by the
team and validated by an on-going audit 
survey before the team progresses to other
endoscopic operations.

8. Self-training is insufficient and must be
supplemented by attendance at specialised con-
tinuing education courses and visits to centres
where procedures are established. Proctoring
for new operations is actively encouraged and
should be supported financially by health
authorities and NHS trusts.

9. A surgeon should inform the patient that he/
she is performing an operation for the first time
using endoscopy, whenever this situation arises.

On-going teleradiology and
teledermatology programmes
A total of 45 programmes which featured
teleradiology and six which featured

teledermatology were identified through the
Telemedicine Information Exchange. The
preponderance of American programmes reflects
the strong bias of the Telemedicine Information
Exchange towards the USA.

Teleradiology
Australia
Foetal Health Decision Support System and
Remote Use of Ultrasound Imaging

Chile
Catholic University of Chile Telemedicine Project

Thailand
Thailand Telemedicine Project

USA
Alaska Telemedicine Project

University of California, Davis School of Medicine
and Medical Center

University of Colorado Health Sciences 
Center Telemedicine/Distance 
Education Program

Colorado Telehealth Network

University of Colorado Hospital 
Telemedicine Program

Yale Telemedicine Center, Connecticut

Kootenai Medical Center, Idaho

Kirby Hospital, Illinois

Midwest Rural Telemedicine Consortium 
(MRTC), Iowa

National Laboratory for the Study of Rural
Telemedicine, Iowa

KAWNET, Community Hospital of Onaga 
Inc., Kansas

Kentucky Telecare

Massachusetts General Hospital 
Telemedicine Center

WorldCare, Massachussets

Upper Peninsula Telemedicine 
Project, Michigan

University of Missouri School of Medicine

Washington University School of 
Medicine, Missouri

Montana Deaconess Medical Center

Appendix 3
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Nevada Rural Hospital Project Teleradiology
Network

Bassett Healthcare Medical Telecommunications,
New York

Wake Forest University Medical Centre, 
North Carolina

East Carolina School of Medicine

North Carolina Health Care Information 
and Communications Alliance, Inc.

NTIA Rural ED Telemedicine Link

Rural Eastern Carolina Health Network

West River Regional Medical Centre, 
North Dakota

Cleveland Clinic Foundation, Ohio

Oklahoma Medical Information Network

Konawa Community Health Center Mobile
Clinic/Telemedicine, Oklahoma

Comanche County Memorial Hospital, Oklahoma

Northeastern Oregon Teleradiology Network

Pennsylvania Healthnet

Allegheny-Singer Research Institute, Pennsylvania

Department of Neurosurgical Surgery, 
Pittsburgh, Pennsylvania

South Dakota Telemedicine Project

Telehealth Project, Texas Children’s Hospital

University of Utah Telemedicine 
Outreach Program

Yakima Valley Radiology, Washington

Project Seahawk, Washington

Walter Reed Army Medical Centre, Washington DC

Georgetown University Medical Center,
Washington DC

Wyoming Teleradiology Consortium

Teledermatology
Finland
Teledermatology Pioneer Trial

USA
Teledermatology Outpatient Prison Clinic,
Connecticut

Baltimore VA Teledermatology Pilot, Maryland

Massachussets General Hospital 
Telemedicine Center

Practical Teledermatology, Minnesota

Advanced Telemedicine Research Group, Oregon
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This appendix contains a list of the papers 
on the general principles of HTA that were 

identified using the search strategy on timing
presented in Appendix 1. Each paper listed 
is analysed in order to ascertain whether 

timing of assessment and method of assessment 
are discussed, and also for the general focus of 
the paper. The papers listed here are not all 
cited in the main text but are included in the 
list of references.

Appendix 4

Analysis of studies included

Author Title Type* Timing How to assess Focus of paper
discussed? discussed?

Anon. 1993 Surgical innovation J No Yes, p187 Health technology is needed for new 
under scrutiny surgical procedures. Example of 

laparoscopic cholecystectomy

Abrams & Health technology assessment: J No No Council on Health Care Technology 
Hessel, 1987 problems and challenges Assessment of the Institute of Medicine

Adams, 1992 Economic analysis in J No Yes, p231–7 Assesses the prevalence and completeness of 
randomized controlled trials economic analyses in RCTs published from 

January 1966 to June 1988

Adang et al, Medical technology assessment: J No Yes, p563–6 Describes various techniques by which 
1995 economic evaluation of new an economic evaluation can be performed

technologies

ACOST, 1993 Report on medical research R Yes, p16,17 Yes, To identify how advances in science and 
and health p17,29–30 technology can be used to provide better 

health in the most cost-effective way

Alder, 1988 Organization key to technology J No Yes, p82–3 Steps for healthcare executives to take 
diffusion in evaluating new technologies

Andersson Why is the pharmaceutical industry J No No Reasons why the pharmaceutical industry is 
(1995) investing increasing amounts in health financing an increasing number of health 

economic evaluations? economic evaluations

Andrade, 1991 What, me worry? Bioengineering J No No Academic bioengineering and the costs of 
and the costs of health care health-care

Antczak- Using medical registries and data J No Yes, p123–8 Using registries and data sets as sources 
Bouckoms sets for technology assessment of data for technology assessment
et al, 1991

Ball, 1995 Can we afford advanced and J No No Financing of healthcare delivery, advanced 
sophisticated technology in (letter) technology and procurement
tomorrow’s health care arena?

Banta, 1986 Dutch committee assesses the J Yes, p19 Yes, p18 Steering Committee on Future Health 
future of health technology Scenarios, policy and HTA

Banta, 1990 The regulation of medical devices J No Yes, p697–8 Medical devices industry and regulation of 
medical devices

Banta, 1994 Health care technology and its J Yes, chap 1, Yes, chap 1–10 HTA in Australia, Canada, France, Germany,
assessment in eight countries (special p10 The Netherlands, UK, USA, Sweden 

issue)

Banta & Political dimension in health care J Yes, p117 Yes, p117 Political considerations in healthcare 
Andreasen, technology assessment programs technology assessment
1990

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Author Title Type* Timing How to assess Focus of paper
discussed? discussed?

Banta & Future and health care technology: J Yes, p143 Yes, p143 Analysis of future and emerging healthcare 
Gelijns, 1994 implications of a system for early technology and the potential usefulness 

identification of such an activity in a healthcare policy-making 
and decision-making context

Banta & Luce, Health care technology and its B Yes, section III Yes, section III Development and diffusion; assessing 
1993 assessment: an international healthcare technology – efficacy, safety,

perspective financial costs, quality of life, social implications;
assessing prevention, medical imaging, surgical 
practice, drugs, PACS; international perspective

Banta & Case for reassessment of health J Yes, p236-7, Yes, p236 HTA should be an iterative process in terms of 
Thacker (1990) care technology. Once is not enough 239 the life-cycle of a technology

Banta & van Regulation of medical devices and J No No Regulation of medical devices; comparison 
Beekum, 1990 quality of medical care with drugs; medical devices industry; steps to 

improve device quality

Barondess, Rational use of new technologies J No No Need to inculcate rigorous clinical thinking 
1994 (letter) in the application of new technologies

Battista & Development of health care J No Yes, p268 Nature of HTA; assessments in Canada, France,
Hodge, 1995 technology assessment. An The Netherlands, UK, USA; its determinants 

international perspective

Battista et al, Evaluation of the Canadian J Yes, p106–7, No Evaluation of CCOHTA; key features of 
(1995) Coordinating Office for Health 113 HTA; early warning system

Technology Assessment

Berg, 1992 Assessing a technology: what J No Yes, p439 Too many research programmes finish after 
constitutes enough? demonstrating biological efficacy, without 

showing that whatever it is works in practice

Bergevin & Introduction: needs-based J No No Outline of needs-based technology assessment
Tugwell (1995) technology assessment.Who 

can afford not to use it?

Black, 1996 Why we need observational J No Yes, p1215–18 Limitations of RCTs – they may be 
studies to evaluate the effectiveness unnecessary, inappropriate, impossible or 
of health care inadequate; observational methods and RCTs 

should be seen as complementary

Blais, 1991 Using administrative data bases for J No Yes, p206 Potential of using administrative databases for 
technology assessment in health technology assessment in health-care has not 
care yet been fully utilised

Blanpain, 1983 Health technology assessment in J No No Health technology assessment in Belgium,
Belgium, France, Germany and Japan France, Germany and Japan; financial incentives;

review of technologies – drugs, devices,
organisational and supportive systems

Bond, 1994 What are nursing’s priorities? J No No HTA and its relevance to nursing

Briggs et al, Uncertainty in the economic J No Yes, p99–102 Four broad areas of uncertainty – variability 
1994 evaluation of health care in sample data, generalisability of results,

technologies: the role of extrapolation of results, analytical methods 
sensitivity analysis employed;. four types of sensitivity analysis – 

simple, threshold, extreme and probabilistic

Bunker, 1981 Health care technology assessment J No No Reimbursement, regulation and HTA
essential to effective medical care

Bunker et al, Surgical innovation and its J Yes, p937, Yes, p937–41 Early clinical trials hasten the prompt 
1978 evaluation 940–1 evaluation of new operations

Burke, 1994 High-tech and health reform: J No No Four steps for managing medical technology in 
the folly of doing it the context of a never-ending supply of new 

treatments

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Author Title Type* Timing How to assess Focus of paper
discussed? discussed?

Buto, 1994 How can Medicare keep pace with J Yes, p139 Yes, p139 Potential solutions for Medicare to improve 
cutting-edge technology? coverage on promising crossover therapies

Challah & Randomised controlled trial in J No Yes, p877–8 Barriers which exist to proper evaluation 
Mays, 1986 the evaluation of new technology: of new techniques

a case study

Chalmers, Randomization of the first patient J No Yes, p1035–8 Argues that the first sick patient to receive 
1975 a new drug, procedure or operation should 

be randomised

Chen, 1993 Biotechnology transfer at the J No No Laws, regulations and guidelines play a crucial 
National Institutes of Health role in the success of  technology transfer

Cram et al, Ethical issues of life-sustaining J No Yes, p27 Ethics of access, use, cost of life-sustaining 
1995 technology technology; potential solutions

Crepea, 1995 A systems engineering approach J No Yes, p297–303 Six-step technology assessment process 
to technology assessment based on systems engineering; applicable to 

biomedical instrumentation

Culyer, 1988 Technology assessment in Europe: B No Yes, p54–78 Current state of the art of economic appraisal
its present and future roles (chap)

David, 1989 Technology related decision-making C No No Clinical engineering input to hospital-based 
issues in hospitals technology assessment programmes

David, 1993 Technology evaluation in a US hosp- J No No Clinical engineering input to hospital-based 
ital: the role of clinical engineering technology management programmes

David et al, New approaches to technology J No No Technology assessment requires a 
1993 assessment: opportunities and trends multidisciplinary approach combining clinical,

technical and financial information

Davidoff & Role of perspective in defining J No No Importance of taking account of perspectives 
Powe, 1996 economic measures for the evaluation of different parties when designing economic 

of medical technology analyses

Davies et al, Current status of economic Journal No Yes, p1603 Report of a survey of economic evaluations 
1994 appraisal of health technology in article in EU countries to identify the impact of 

the European Community: report the results on healthcare decision- and 
of the Network policy-making

de Charro, Economics of technological change J No No Conditions governing the production and 
1990 in health.The conditions governing diffusion of healthcare innovations

the production and diffusion of 
innovations in health care

Deber, 1992 Translating technology assessment J Yes, p136 No Technology assessment rarely provides clear 
into policy. Conceptual issues and yes/no answers; more usually the question is 
tough choices who should receive an intervention and in 

what circumstances

Department Assessing the effects of health R Yes, p9,13,16 Yes, p5,14–17 Evaluating the effects of health technologies – 
of Health, 1992 technologies: principles, practice outcomes, research designs; using evidence 

proposals about the effects of health technologies;
fostering proper assessment of the effects of 
health technologies

Department Proposed safety and efficacy register P Yes, p1 Yes, p1–6 Outlines a system for ensuring the safety 
of Health, 1995 of new interventional procedures of and efficacy of new interventional procedures

the medical Royal Colleges

Diamond & Alternative perspectives on the J No No Definition of several biased perspectives about 
Denton, 1993 biased foundations of medical technology assessment that derive from the 

technology assessment distinction between individuals and groups

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Author Title Type* Timing How to assess Focus of paper
discussed? discussed?

Dickersin & Introduction: the quality of the J No Yes, p188 Shortcomings of research studies
Herxheimer, medical evidence: is it good enough?
1996

Dolan & Zingg, Health care technology: how can we J No Yes, p280–1 Health technology assessment must include 
1993 tell if we can afford it? A Canadian the science behind the technology, the tech- 

viewpoint nology itself, the devices resulting from the 
technology, the medical outcome and the 
societal impact in addition to pure cost 
considerations

Donaldson Setting priorities for health B No Yes, p23–5 Setting priorities for health technology 
& Sox, 1992 technology assessment: a assessments – general principles, a 

model process proposed process, how to implement it

Drummond, Allocating resources J Yes, p88–90 Yes, p77–90 Reviews methods of economic evaluation of
1990 health technology

Drummond, Test drive J No Yes, p26–7 Methods of assessment for safety, efficacy,
1992 effectiveness and efficiency of health 

technologies; questions that managers should 
ask when the application of new technology is 
being proposed

Drummond, Evaluation of health technology: J Yes, p1598 Yes, p1597–8 Considers what policy issues are amenable 
1994 economic issues for health policy to economic analysis, or could be greatly 

and policy issues for economic informed by economic appraisal results
appraisal

Drummond Issues in the cross-national J No Yes, p673–5 How cross-national differences affect the 
et al, 1992 assessment of health technology cost-effectiveness of health technologies or 

their evaluation 

Durand-Zaleski Technology assessment in health J Yes, p43 Yes, p38–43 Assessing technical and medical, ethical 
& Jolly, 1990 care – decision makers and health and legal, and economic aspects of 

care providers: what they need emerging health technologies
to know

Eddy, 1990 Should we change the rules for B No Yes, p117–34 Argues that HTA should draw on the strengths 
evaluating medical technologies? (chap) of RCTs and observational approaches to speed

the acceptance and diffusion of technologies 
that are worth the costs and deserve priority

Elliott & Product evaluation: theoretical J No Yes, p16 Theoretical and practical considerations 
Hollins, 1995 and practical considerations of the evaluation process

Feeny & Incorporating utility-based J No Yes, p197–202 Incorporates utility-based quality-of-life 
Torrance, 1989 quality-of-life assessment measures assessment measures in clinical trials;

in clinical trials example of Canadian CVS trial

Feeny et al, Health care technology: B Yes, chap 1 Yes, chap 4–7, Healthcare technology and its evaluation
1986 effectiveness, efficiency and 9–10

public policy

Ferguson Court-ordered reimbursement J No No US cases where courts of law ruled against 
et al, 1993 for unproven medical technology: insurance carriers who had been sued for 

circumventing technology reimbursement for unproven medical 
assessment procedures

Fineberg, 1985 Technology assessment: motivation, J Yes, p669–70 Yes, p668,670 Features current status and future directions 
capability and future directions of technology assessment; eight dimensions 

of analysis

Firshein, 1986 HCFA urged to speed approval J No No Health Care Administration Financing focus on 
of technologies containing Medicare costs is hampering the use 

and manufacture of new medical technology

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Franklin, 1993 Basic concepts and fundamental J No Yes, p119 HTA – what it is, safety, effectiveness; questions 
issues in technology assessment to ask in evaluating effectiveness; ethical 

questions

Franklin, 1994 Effectiveness and efficacy – J No No Definition of efficacy and effectiveness
which is which? (letter)

Fuchs & The new technology assessment J Yes, p675 Yes, p673–7 Technology assessment now encompasses 
Garber, 1990 effectiveness, quality of life, patient preferences 

and evaluation of costs and benefits

Gafni & Birch, Guidelines for the adoption of J No Yes, p915–16 Use of Healthy Years Equivalent (HYE) 
1993 new technologies: a prescription or Willingness to Pay (WTP) as measures 

for uncontrolled growth in of outcome
expenditures and how to 
avoid the problem

Garber, 1994 Can technology assessment J No Yes, p118–21 Approaches to technology assessment and 
control health spending? the ways in which technology assessment, in 

the form of cost-effectiveness analysis, can be 
applied to help control spending growth

Gelijns, 1990 Modern methods of clinical B Yes, p173 Yes, chap 1, 3, 10 Innovation–evaluation nexus; endpoints;
investigation clinical trials; evaluating medical technologies;

comparing development of drugs, devices and 
clinical procedures

Gelijns & The dynamics of technological J Yes, p44 Yes, p44 Contrasts a dynamic and interactive view of 
Rosenberg, change in medicine technological change with the linear model 
1994 of medical innovation; feedback mechanisms;

explores three mechanisms by which techno-
logical change may contribute to rising health- 
care spending; laparoscopic cholecystectomy

Gellman, 1993 Health technology assessment J (letter) No No Early involvement of Canada in HTA

George, 1995 Editor’s corner: medical technology J Yes, p151 Yes, p151 Medical technology innovation; barriers to 
and competitiveness in the world innovation; reforming the regulatory process
market: reinventing the environment 
for innovation

Goodman, It’s time to rethink health care J No Yes, p343–8 HTA should be explicitly related to quality 
1992 technology assessment assurance, health services research,

effectiveness research, medical informatics 
and technological innovation

Grimes, 1993 Technology follies: the uncritical J No No Need for on-going assessments of both new 
acceptance of medical innovation and old medical technologies

Hailey & Health technology assessment: J No No Overview of HTA in Australia
Crowe, 1991 an Australian perspective

Hailey et al, The impact of health technology J Yes, p225 Yes, p224–5 Measurement of the impact of HTA in terms 
1990 assessment of perceived impact on policy

Hendee, 1990 Technology transfer and cost J No No Technology transfer, rising healthcare costs,
constraints in medicine cost containment, effect of cost controls and 

market needs

Hendee, 1991 Technology assessment in medicine: J No Yes, p69–73 Methods of technology assessment
methods, status and trends

Hillner et al, Principles of cost-effectiveness J No Yes, p501–6 Use of decision analysis and clinical economics 
1993 analysis for the assessment of to assess current and new technologies

current and new therapies

Hoare, 1992 Tidal wave: new technology, R No Yes, p2,26 Report based on the proceedings of the 
medicine and the NHS Caversham Conference on HTA

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Holohan, 1993 Assessment of new technology: J No No Quality of evidence in assessments
regulatory agency perspective

Huston, 1992 Is health technology assessment J No No Rise of HTA
medicine’s rising star?

Hutton, 1993 Assessment of medical technology: J No Yes, p13–14 Engineers have important inputs to HTA 
the role of engineers throughout the process

Institute of Assessing medical technologies B Yes, chap 4, 7 Yes, chap 3, 7 Scope of US medical technology assessment;
Medicine, 1985 methods of assessment; effects of clinical evalu- 

ation on the diffusion of medical technology;
reimbursement and technology assessment;
opportunities for international collaboration

Jacob & Assessing technology assessment: J No No Independent review of the first 4 years of the 
Battista, 1993 early results of the Quebec Quebec Council on Health Care Technology 

experience Assessment

Jamison et al, Investing in health wisely: the role J No No Proposes essential national public health 
1995 of needs-based technology and clinical packages based on assessment 

assessment of the burden of disease

Jefferson, Economic evaluations to aid J Yes, p141 Yes, p141–2 Using economic evaluation to aid making 
1996 decisions to conduct a trial (letter) explicit society’s trade-offs when funding a trial

Jennett, 1992 Health technology assessment J No No Comments on the report Tidal Wave

Johannesson, The concept of cost in the J No Yes, p675–82 The costs that should be included in an
1994 economic evaluation of health economic evaluation

care: a theoretical inquiry

Johansen, 1988 WHO concept of health J No No WHO concept of HTA is moving towards 
technology assessment evaluating, disseminating and monitoring results 

of technologies introduced to solve specific 
health problems

Jonsson, 1993 Economic evaluation of health J No Yes, p50–4 Examines basic principles for assessing costs 
care technologies and benefits

Kikuchi, 1991 Status of medical engineering J Yes, p12 Yes, p10–12 The development of a programme for medical 
technology assessment in Japan engineering technology assessment in Japan

Koch, 1996 How to evaluate and implement J No Yes, p799–801 How new clinical laboratory technologies 
new technologies in an era of can and should be chosen, evaluated and 
managed care and cost containment implemented

Kronborg, Randomized controlled trials J No Yes, p126–7 Use of RCTs in surgery
1989 in surgery

Lantos, 1994 Ethics, randomization and J Yes, p2656 Yes, p2653–6 Equipoise and RCTs
technology assessment

Lilford & Equipoise and the ethics of J No Yes, p552–8 Discusses the ethical importance of equipoise 
Jackson, 1995 randomization to RCTs

Linton & Organized medicine and the J No No Attempts by organised medicine to promote 
Naylor, 1990 assessment of technology: lessons the sensible introduction of new technologies

from Ontario

Littell, 1994 Innovation in medical technology: J No No Indicators of input and outputs associated 
reading the indicators with medical device innovation

Littenberg, Technology assessment in medicine J Yes, p425–7 Yes, p425–7 Scheme proposed for the comprehensive 
1992 evaluation of medical technologies – five levels 

of HTA

Love, 1975 Drugs and operations: some J No Yes, p37–8 Argues against using routine controlled clinical 
important differences trials to evaluate new operations

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Luce, 1995 Policy implications of modeling the J No Yes, p1469–75 Policy implications of modelling 
cost-effectiveness of health care cost-effectiveness analysis
technologies

Luce & Brown, Use of technology assessment by J Yes, p86 Yes, p85 The function of technology assessment 
1995 hospitals, health maintenance in the decision-making process of 

organizations, and third-party payers healthcare providers and payers
in the United States

Lumsdon, 1992 Beyond tech assessment: J No Yes, p22–6 Evaluation of healthcare technology in hospitals 
balancing needs, strategy – considers community needs, escaping the 

glamour of technology, medical staff conflicts,
need for formal assessment procedures, non-
hospital influences on diffusion, outcomes; five 
technology assessment objectives outlined

MacIntyre, Efficacy assessment criteria J No Yes, p968–9 Three levels of efficacy assessment criteria 
1995 based on risk and cost for innovations: engineering and clinical 

performance assessment; physiological 
assessment; and clinical outcome assessment

Maisey & NHS research and development: J No No Work of the Diagnostics and Imaging Panel in 
Lewis, 1994 a research strategy for nuclear identifying priorities for HTA for consideration 

medicine by the Standing Group on Health Technology

McConnell, Six honest serving men J No Yes, p33–8 Technology assessment in the context of 
1993 medical-surgical nursing; questions surrounding 

healthcare technology pertain to the areas of 
need, safety, efficacy and effectiveness,
economics, and social impact

McDonough, Current technology assessment J No No How the Office of Technology Assessment 
1993 programs/procedures operates and some current projects

McGregor, Can our health services be saved J Yes, p335 No The real value of technology assessment 
1994 by technology evaluation? The lies in making difficult choices between differ- 

Quebec experience ent technologies; classification of technologies 
as experimental, innovative or accepted

Mendelson State involvement in medical J No Yes, p93 US states technology assessment activities – 
et al, 1995 technology assessment Minnesota, Oregon,Washington

Menon, 1993 Technology assessment and J No No Technology assessment education and 
biomedical engineering education biomedical/clinical engineering

Menon & The internationalization of health J No Yes, p46–7 HTA history, reasons for international 
Marshall, 1996 technology assessment cooperation, current international cooperative 

activities

Menon et al, Development of a health technology J Yes, p95 Yes, p96–7 HTA model developed by the Alberta 
1995 assessment program: the case Implementation Committee for Health 

of Alberta Technology Assessment

Moloney & Medical technology – a different J No No To control medical technology costs requires 
Rogers, 1979 view of the contentious debate a shift away from attempts to harness big tech-

over costs nologies, and towards incentives to encourage 
more discerning use of all technologies

MRC, 1994 Health technology assessment in R Yes, p6–7 Yes, p2–13 Role of RCT in surgery and problems 
surgery: the role of the randomized associated with it
controlled trial

Muller, 1991 Objective health care technology J No Yes, p121–4 Methods of technology assessment and 
evaluation – it isn’t easy how to recognise and avoid subjective biases

Murphy, 1991 Assessment process: a microscopic J No Yes, p77–82 Medical technology life cycle, phases of 
view first stage studies, study designs

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Murray, 1994 Assessing genetic technologies: J Yes, p574 No Discusses ten factors which characterise the 
two ethical issues social context of contemporary genetics;

questions whether more choice is better 
and all improvements desirable

NHS Report of the NHS Health R No Yes, p19–20 Aims of NHS HTA programme, identifying 
Executive, Technology Assessment priorities, getting work funded, progress of 
1996 Programme 1996 current projects and methods of dissemination

Nightingale, Device ‘fast track’ plan J Yes, p693 Yes, p693 US FDA plan to speed up review of critical 
1993 medical devices while assuring safety and 

effectiveness

Ong, 1996 Lay perspective in health J No No Nature of lay knowledge and relevance to HTA
technology assessment

Patail & Role of the biomedical engineering J No Yes, p291–2 Assessment of medical technologies in a 
Aranha, 1995 department in William Beaumont hospital environment; role of biomedical 

Hospital’s technology assessment engineering department in the technology 
process assessment process

Perry & The technology assessment and J No Yes, p289–99 A new group-judgement process, modified 
Wilkinson, practice guidelines forum from the consensus development approach of 
1992 the National Institutes of Health

Perry et al, Report from the Canadian J Yes, p312 No Satellite meeting to eighth ISTAHC;
1993 Coordinating Office of Health perspectives on technology assessment;

Technology Assessment (CCOHTA) difficulty in providing early warning of emerging 
technologies to policy-makers

Phelps & Priority setting in medical technology J No No Considerable differences exist in the way 
Parente, 1990 and medical practice assessment doctors use various medical interventions;

priority setting for technology assessment

Pollock, 1989 Rise and fall of the random J No Yes, p163–8 RCT in surgery now threatened by 
controlled trial in surgery ethical considerations

Powe & Clinical–economic trial: promise, J No Yes, p377–94 Reasons for consideration of economic data 
Griffiths, 1995 problems and challenges collection and analysis in clinical trials; various 

designs and methods for gathering economic 
trial data

Power, 1995 Identifying health technologies J No Yes, p205 Identifying effective practices, conducting 
that work effectiveness trials, guideline development 

and dissemination

Power et al, Technology assessment and J No Yes, p566–9 Origin of HTA; its contribution to improving 
1994 public health health decisions; techniques; putting evidence 

into practice; applications

Reiser, 1992 Out of chaos: a rational approach J No Yes, p22–3 Four categories of hospital objectives for 
to assessing technology measuring technology: civic, institutional,

organisational and practice goals; assessment 
model outlined

Rettig, 1991 Technology assessment – an update J No Yes, p170–1 Reviews evolution of HTA in the 1970s and 
1980s; discusses implications of creation of the 
Agency for Health Care Policy and Research

Rona & The process of evaluation of a J Yes, p190 Yes, p186 Overview of process of evaluation of new 
Beech, 1993 new technology: genetic services technology in relation to DNA probes;

and the introduction of DNA barriers against application of research findings 
probes in practice

Royal, 1994 Technology assessment: J No Yes, p505–7 Diagnostic technology assessment, levels of 
scientific challenges efficacy, marginal cost-effectiveness

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Russell, 1996 Can it work? Does it work? P No Yes, p2–9 Methods of HTA
Research design for health 
technology assessment

Russell & Health technology assessment: B (chap) No Yes, p71–81 General principles of HTA, methods,
Grimshaw, basis of valid guidelines and test explanatory and pragmatic RCTs, assessment 
1995 of effective implementation of clinical guidelines and factors influencing 

validity and effectiveness

Rutten & High cost technology in health J Yes, p572 Yes, p571–2 Mechanisms underlying the emergence of
Bonsel, 1992 care: a benefit or a burden? expensive health technology; policy implications

Rutten & Making decisions about health B Yes, p27–30 Yes, chap 2–7 Role of economic appraisal in decisions about
Drummond, technologies: a cost-effectiveness health technologies; includes three case studies
1994 perspective

Sainfort, 1991 Evaluation of medical technologies: J No Yes, p208–19 A generalised ROC analysis for the evaluation 
a generalised ROC analysis of medical technologies

Schulman et al, A health services approach for J No Yes, p1405–11 Reviews the application of health services 
1995 the evaluation of innovative research techniques in the assessment 

pharmaceutical and biotechnology of potential clinical end-points
products

Sculpher et al, Economic evaluation in health care DP Yes, p5,18 Yes, p1–18 Describes early and iterative use of economic 
1995 research: undertake it early and often evaluation as an integral part of research and 

development; the approach has four stages of 
economic evaluation

Shaffer & Support for biomedical equipment J No No Hospital clinical engineering staff can provide 
Shaffer, 1995 decision making support for biomedical equipment decision-

making

Sheldon & Vetting new technologies: those J No No Questions raised by the establishment of 
Faulkner, 1996 whose efficacy and safety have SERNIP

not been established will now be 
registered and evaluated

Sheldon Health technology assessment J No No Information on bulletin, Effective Health Care
et al, 1992

Sibbald et al, New technologies, critical care, J No No HTA in critical care services
1993 and economic realities

Simpson, 1993 Managing innovative technology J No No Guidelines for managing innovative technologies

Sisk & Glied, Innovation under federal health J Yes, p93–4 No In a climate of cost containment, systematic 
1994 care reform evaluation of new technology is vital to identify 

and expand coverage to worthwhile innovations

Sloan et al, Diffusion of surgical technology: J No No Empirical analysis of the diffusion patterns 
1986 an exploratory study of five surgical procedures

Smith, 1994 Towards a knowledge based health J No No Describes the NHS HTA programme
service: priorities are set for health 
technology assessment

Smith et al, Role of economic appraisal in J Yes, p1654, Yes, p1653–62 Examines role and importance of economic 
1994 health technology assessment: 1661–2 appraisal of health technology in Australia –

the Australian case includes eight case studies

Sniderman, Governance of clinical trials J No Yes, p1387–8 Argues that local hospital ethical committees 
1996 should play a greater part in the supervision of 

clinical trials

Solomon & Clinical assessment of biomedical J No Yes, p301–6 Accuracy, reliability and validity in assessment 
McLeod, 1993 technology of diagnostic technologies

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Standing Group 1994 report R No Yes, p8 First report of SGHT
on Health 
Technology, 1994

Steering Anticipating and assessing health B Yes, chap 3 Yes, chap 3, 7 Includes: development and diffusion of 
Committee on care technology (vol 1) healthcare technology; identifying and assessing 
Future Health healthcare technology; anticipated changes 
Scenarios, 1987 in healthcare technology

Stephenson, Medical technology watchdog plays J No No Outlines role of ECRI in HTA
1995 unique role in quality assessment

Stevens et al, ‘Quick and clean’: authoritative J Yes, p37–8 Yes, p37–42 Seven-stage model of evaluation
1995 health technology assessment for 

local health care contracting

Stiefel & The elements of a complete J No Yes, p482–8 Outlines a formal methodology for completing 
Rizkalla, 1995 product evaluation a product evaluation

Stocking, 1988 Factors influencing the B Yes, p20–1, No Problems in technology assessment;
effectiveness of mechanisms to (chap) 24–5 mechanisms for control of uptake; groups who 
control medical technology influence the success of the mechanisms

Sussman, 1991 Financial considerations in J No No Covers: growth in healthcare technology;
technology assessment resource planning and technology acquisition;

entering the high-tech market; financing long-
term acquisition strategies

Szczepura, Health care technology assessment B Yes, chap 2 Yes, chap 4 Results of European study to obtain views of 
1993 in Europe: training for the future healthcare providers, funders, manufacturers,

professional associations, academic institutes 
and policy-making bodies on their need for 
expertise and competence in HTA

Szczepura & Softly, softly J No No Describes changes to enable NHS managers 
Cooke, 1993 to harness HTA findings more effectively

Szczepura & Assessment of health care B Yes, p33,227 Yes, chap 3–13 Discusses key concepts and strategic issues in 
Kankaanpaa, technologies: case studies, key HTA – includes eight case studies
1996 concepts and strategic issues

Task Force on Economic analysis of health care J No Yes, p61–8 Guidelines for researcher independence 
Principles for technology: a report on principles and guidelines for reporting economics 
Economic outcomes research
Analysis of 
Health Care 
Technology, 1995

Teplensky, 1995 Hospital adoption of medical J No No Reviews three common explanations for 
technology: an empirical test of medical technology adoption – profit 
alternative models maximisation, technological pre-eminence, and 

clinical excellence – and incorporates them 
into a composite model

Thacker & Surveillance of medical J No Yes, p369–71 Argues for surveillance of technologies 
Berkelman, technologies as they diffuse into practice
1986

Thibault, 1992 Evaluating medical technology J No Yes, p266 Evaluation of practice patterns in a medical 
in the 1990s intensive care unit

Thornbury & Technology assessment – J No Yes, p147–54 Proposes a hierarchical model to enhance 
Fryback, 1992 an American view understanding of the interrelations of different 

aspects of technology assessment

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Tugwell, 1995 Technology assessment: old, new, J No Yes, p656–60 Needs-based technology assessment focuses on
and needs-based the population-wide impact of an intervention

Tuman & High-cost, high-tech medicine: J No Yes, p168–76 Reviews principles of economic and 
Ivankovich, are we getting our money’s worth? cost–benefit analyses, outcome benefit 
1993 studies, and decision-threshold analysis

US Congress: Identifying health technologies B No Yes, chap 3, 5 Includes: tools for effectiveness research; issues 
Office of that work: searching for evidence in improving effectiveness research; cost- 
Technology effectiveness analysis; the federal role in HTA
Assessment,
1994

van Gennip & Challenges and opportunities for J Yes, p182–3 No Report of a MEDINFO ‘92 workshop on 
Gremy, 1993 technology assessment in medical challenges and opportunities for technology 

informatics assessment in medical informatics

Werko & Report from the EUR-ASSESS J No No How EUR-ASSESS is trying to develop a 
Banta, 1995 Project coordinated approach to health technology 

assessment in Europe

Wheeler et al, Technology: a strategic factor in J No No Hospital administrators must be able to et al,
1985 hospital planning assess technology and be willing to adapt to 

rapid change

Whitmore, Who, what, where, when, why and J No No Role of biomedical engineering in 
1993 how: technology assessment in a technology assessment

hospital setting

Whittenburg, A program proposal for new J No Yes, p391–9 Describes a programme for technology 
1995 technology assessment assessment, its evaluation and implementation

Williams, 1993 Technology assessment in clinical J No Yes, p202–5 Methods of HTA
laboratory science: becoming 
involved in a critical process

Wilson, 1995 Case study: practical tools for J No Yes, p709–15 Primary Health Care Management 
improving needs-based health Advancement Program; how it enables 
management and technology health management teams to assess 
assessment health services

Winkler et al, Popular press coverage of eight J No No Analysis of popular press coverage of eight 
1986 National Institutes of Health National Institutes of Health consensus 

consensus development topics development conference topics

* B, book; C, conference proceedings; DP, discussion paper; J, journal article; P, paper; R, report.
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Jane Bower worked for 15 years as a molecular
geneticist, at Edinburgh and Stanford Universities,
and most recently at the MRC Human Genetics
Unit where she led a project on the isolation of
genes associated with inherited retinal disorders.
She then moved to researching the process of man-
agement of new biomedical technology develop-
ment, supported as principal investigator by the
Royal Society, the Japan Society for the Promotion
of Science, the Leverhulme Trust, the Nuffield
Foundation (in a study of the development of
genetic manipulation technology in the NHS) 
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Research Council in a study of biomedical inno-
vation in the NHS (with Lorna McKee). She is
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of Management Studies, Aberdeen University.
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Economics and Social Research Council, Equal
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on the roles of Clinical Directors in Scottish 
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and primary care innovation (Scottish Office 
Home & Health Department).
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Research Unit, a national centre for Scotland 

core funded by the Chief Scientist’s Office of the
Scottish Office Department of Health. Within its
programme on HTA, the unit is working on MIS
and telemedicine applications. Before coming to
Aberdeen, he directed a programme of HTA in 
the perinatal field, coordinating several large-scale
international trials, including the MRC multicentre
trial of CVS. He also has experience of systematic
reviews within the NHS research and development
programme and the Cochrane Collaboration.

John Cairns is the Director of the Health
Economics Research Unit, another national unit
for Scotland. He was a member of the SCOTMEG/
CRAG working party on High Technology Equip-
ment, a member of the Steering Group for MRC
Genetic Approaches to Human Health, and is on a
Scottish Office Department of Health Cancer Gen-
etics subcommittee. The Health Economics Res-
earch Unit is currently undertaking MRC-funded
research on health economic aspects of MIS.

John Brebner has been involved with the
development of telemedicine for 15 years, as a
practitioner and a researcher. His PhD research
focused on this topic and he has an extensive
international network of contacts who are 
currently involved in developing applications 
of this technology.

Graham Mowatt, the Research Fellow engaged 
on the project, is a chartered librarian, and has
extensive experience of undertaking manual and
automated literature searches, particularly in bio-
medical projects. He possesses an MBA degree 
and was previously employed by Grampian Health
Board for 4 years on a health service project on
technological innovation in primary care.
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Volume 1, 1997

No. 1 Home parenteral nutrition. A review by Richards DM, Deeks JJ, Sheldon TA, Shaffer JL. 

No. 2 Diagnosis, management and screening of early localised prostate cancer. A review by Selley S,
Donovan J, Faulkner A, Coast J, Gillatt D. 

No. 3 The diagnosis, management, treatment and costs of prostate cancer in England and Wales. 
A review by Chamberlain J, Melia J, Moss S, Brown J. 

No. 4 Screening for fragile X syndrome. A review by Murray J, Cuckle H, Taylor G, Hewison J.

No. 5 A review of near patient testing in primary care. A review by Hobbs FDR, Delaney BC, 
Fitzmaurice DA, Wilson S, Hyde CJ, Thorpe GH, et al.

No. 6 Systematic review of outpatient services for chronic pain control. A review by McQuay HJ, 
Moore RA, Eccleston C, Morley S, de C Williams AC. 

No. 7 Neonatal screening for inborn errors of metabolism: cost, yield and outcome. A review by Pollitt RJ,
Green A, McCabe CJ, Booth A, Cooper NJ, Leonard JV, et al.

No. 8 Preschool vision screening. A review by Snowdon SK, Stewart-Brown SL.

No. 9 Implications of socio-cultural contexts for the ethics of clinical trials. A review by Ashcroft RE,
Chadwick DW, Clark SRL, Edwards RHT, Frith L, Hutton JL.

No. 10 A critical review of the role of neonatal hearing screening in the detection of congenital hearing
impairment. A review by Davis A, Bamford J, Wilson I, Ramkalawan T, Forshaw M, Wright S. 

No. 11 Newborn screening for inborn errors of metabolism: a systematic review. A review by Seymour CA,
Thomason MJ, Chalmers RA, Addison GM, Bain MD, Cockburn F, et al.

No. 12 Routine preoperative testing: a systematic review of the evidence. A review by Munro J, Booth A,
Nicholl J.

No. 13 Systematic review of the effectiveness of laxatives in the elderly. A review by Petticrew M, 
Watt I, Sheldon T.

No. 14 When and how to assess fast-changing technologies: a comparative study of medical applications 
of four generic technologies. A review by Mowatt G, Bower DJ, Brebner JA, Cairns JA, Grant AM,
McKee L. 
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